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ABSTRACT 
This study presents a computer program as a tool for the harmonic 
analysis of multi-phase electric power distribution systems. In the 
program, the source of harmonics can be any number of multi-phase 
harmonic currents and/or voltages, or up to 10 three-phase converters. 
Frequency dependent models of ac network elements are assembled into 
a sparse admittance matrix. Then sparsity techniques are employed to 
determine the current flow in all elements and voltages at all busses 
throughout the system at any harmonic frequency up to 3 KHz. Voltage 
distortion factors that represent the overall effects of the harmonics 
on the system voltages are also calculated. 
The digital program was then applied to a multi-phase distribution 
system in order to observe the response of the system to the various 
changes that were made in the system. It was found that the converter 
size and location, the capacitor bank sizes and locations, and the 
representation of the system loads are factors in determining harmonic 
current flows and the level of voltage distortion factors. 
Also, the response of the system to single-phase harmonic sources 
was investigated and it was discovered that the effects of single-phase 
harmonic sources can be serious enough that they should not be ignored 
in the harmonic analysis of multi-phase systems. 
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I. MOTIVATION AND OBJECTIVES 
The problem of power system harmonics is not new. Utilities recog­
nized the importance of harmonics in the 1920s,and early 1930s when 
distorted voltage and current waveforms were observed on transmission 
lines [1]. The reaction to harmonic behavior was to build equipment 
that would tolerate more harmonics than before. Harmonics have also 
been reduced and sometimes eliminated through the use of transformer 
connections. For example, delta transformer connections reduce the zero 
sequence harmonics (3rd, 6th, 9th, etc.). 
In general, harmonics result from the nonlinear operating charac­
teristics of specific devices and loads on the systems. A nonlinear 
circuit element is one that produces distorted (nonsinusoidal) current 
when a sinusoidal voltage is applied to it. 
The increasing use of nonlinear loads and the renewed interest in 
dc transmission is causing an increased occurrence of harmonic problems 
in power systems. 
In distribution systems, harmonics exist mostly due to the 
increasing presence of solid state electronic power converters. 
Applications of converters include rectifiers (convert ac to dc), 
inverters (convert dc to ac), motor speed controllers, and battery 
chargers. Energy conversion and storage devices such as fuel cells and 
batteries which are used by utilities to install supplementary power 
sources at widely scattered sites on distribution systems are connected 
to the power network through dc/ac power converters. For some systems. 
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additional harmonics are produced by such equipment as lighting dimmer 
control and ballasts, arc furnaces, fluorescent lamps, transformers, 
and to some extent, synchronous machines. This harmonic producing 
equipment affects the power system insignificantly compared to solid-
state electronic power converters [2]. 
At the distribution level, unbalanced systems are prevalent and 
the majority of studies at this level can be expected to require the 
consideration of the unbalance [3]. 
The objective of this study is to develop a working digital 
computer program for the analysis of harmonics on a multi-phase electric 
power distribution system. The program will be able to handle three-
phase, two-phase, and single-phase sections of the system. The system 
under study can be either a loop-type or a radial-type distribution 
system and it will be represented, for purpose of analysis, in the phase 
frame of reference. Since the system will be represented in actual 
phase quantities, both the odd and even harmonics as well as any system 
unbalances can be considered in the study. 
Due to the complexity of harmonic analysis methods in the nonlinear 
time domain and nonlinear frequency domain, these techniques are not 
appropriate for multi-phase unbalanced power system studies. 
In this study, the linearized current injection method will be 
used. Harmonic-producing devices will be represented by simple current 
or voltage sources. In fact, typical harmonic currents may be the only 
data available to the analyst [4]. The current source representation 
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turns out to be quite good for most nonlinear devices as long as the 
voltage distortion at that point is less than 10% [5]. This is, indeed, 
a reasonable assumption because the voltage distortion limit dictated 
by IEEE for a general power system at medium voltage level is 5% [6]. 
The program will accept either multiple converters or combinations of 
multiple current and/or voltage harmonics at a time. 
Since the assemblage of the admittance matrix is more efficient 
and more convenient than the assemblage of the impedance matrix, the 
admittance matrix equation 
= V„ 
will be used. Sparsity techniques [7,8] will be employed for storing 
and manipulating the admittance matrix. The computer program will be 
developed on a main frame computing system. 
In the second phase of this study, the developed program will be 
used to study harmonics on a multi-phase loop-type distribution system 
that cannot be done otherwise. It should be noted that a loop-type 
distribution system is not a common practice. However, in a radial-type 
system there are certain switches that can be closed to create a loop 
if necessary. Such switching is done to generate an alternate feed in 
order to remove an existing line for the purpose of maintenance or 
replacement. During the relatively short period of time that both the 
alternate feed and the existing line are operating, the system is in 
a loop condition. 
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In addition, the results of the analysis of a multi-phase distri­
bution system using the developed program will be compared against the 
analysis of the single-phase equivalent of the three-phase sections of 
the same system in order to judge whether including single-phase sec­
tions of the distribution system in harmonic analysis has significant 
effects on the harmonic levels. 
The response of the system to single-phase harmonic sources will 
also be investigated. 
Finally, the effects of shunt capacitor bank sizes and locations, 
the size and location of the converter, the representation of system 
loads, and lower and higher order harmonics in the magnitude of harmonic 
current flows and in the level of voltage distortion factors will be 
investigated. 
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II. LITERATURE REVIEW 
In papers dealing with harmonic analysis methods, Hingorani et al. 
[9] developed one of the first digital-computer techniques for the study 
of ac/dc systems. In this method, known as the nonlinear time domain 
simulation, converters are modeled as a set of ideal switches and the 
time domain simulation of the power system performance can be obtained 
by specifying a set of initial conditions for the states of the system 
and numerically integrating the set of nonlinear ordinary differential 
equations describing the system. The solution provides both the 
transient performance and the steady-state performance of the system. 
This technique requires detailed representations of all system devices 
and as a result of the complexity of the solution this method has been 
limited to the study of relatively small systems. In addition, the 
solution time is lengthy. These factors make this technique impracti­
cal for studying steady-state phenomena such as harmonics. References 
[10-17] further document some of the many studies that have been 
performed with this method. 
In the early 1970s, Hingorani and Burbery [18] and others [19] 
studied the interaction between the generated harmonic and the ac 
system. In each of these studies, the ac system was represented by an 
equivalent T- or TT-section with an independent source. These studies 
led to a new harmonic analysis method known as the linearized model. 
Shultz [20] extended the method used by Hingorani to include the effects 
of different system components. 
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The harmonic analysis programs developed by McGranaghan et al. 
[5,21,22], Owen and McGranaghan [23], Pileggi et al. [24], Densem et 
al. [25], Baiser and Feltes [26], and Sharma and Fleming [27] are all 
similar in concept to that developed by Shultz. This technique is based 
on the direct solution of the system admittance or impedance matrix. 
The assumption in the direct solution approach is that the harmonic 
sources can be represented as ideal voltage and/or current sources. 
Also, it is assumed that there are no interactions between harmonics 
of different orders and that the ac system voltage at the converter bus 
is a pure sinusoid, constant frequency, and balanced waveform. 
In this method, at each particular harmonic frequency, the harmonic 
voltages throughout the system are computed by using bus current injec­
tions and the system impedance or admittance matrix. Knowing the 
harmonic voltages and impedance of each element, the harmonic current 
flow in each element can be calculated. Multiple harmonic sources are 
considered by using the concept of superposition. The overall effects 
of harmonics in conjunction with specific performance measures will be 
mentioned later. 
Another harmonic analysis method is the nonlinear frequency domain 
analysis. In this method, a Fourier series representation of voltages 
and currents of nonlinear loads are coupled with the watt and volt-amp 
equations of the system to find the harmonic performance in terms of 
specific power flows using the Newton-Raphon method [28-30]. The 
specification of power and volt-amps at the nonlinear busses requires 
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that the nonlinear load have two degrees of freedom. The harmonic 
models for linear load busses consist of specified fundamental frequency 
active and reactive power in parallel with shunt harmonic impedances. 
The shunt harmonic impedances are used for frequencies above 60 Hz. 
In order to apply the Newton-Raphson method, there must exist an 
independent equation for every unknown. There are 2n(l+h) + 2m unknowns 
[30]: 
Fundamental frequency bus voltage magnitude 2(n-l) 
and angle at each bus (except the swing bus) 
Harmonic bus voltage magnitude and angle at each 2nh 
bus (including the swing bus) for each harmonic 
Fundamental frequency active and reactive power 2 
at the swing bus 
Two parameters describing each nonlinear bus 2m 
where: 
m = number of nonlinear busses; 
n = number of busses (linear and nonlinear); and 
h = number of harmonic multiples (excluding the fundamental). 
In order to solve the problem 2n(l+h) + 2m, independent equations are 
required : 
Fundamental frequency active and reactive power 2(n-m-l) 
mismatches at each bus (except the swing bus) 
Fundamental frequency voltage magnitude and angle 2 
at the swing bus 
8 
Fundamental frequency real and imaginary current 2m 
balance at each nonlinear bus 
Real and imaginary current balance for each 2nh 
harmonic (excluding the fundamental) 
Total active and reactive power mismatches at 2m 
each nonlinear bus 
This technique has the advantage of more accurate harmonic source 
representation than techniques requiring ideal voltage or current 
sources. Unlike the conventional power flow studies, the harmonic power 
flow is susceptible to a wide range of convergence problems [31] since 
there are many more variables to initialize and since the solution of 
converter currents is an additional internal iterative process performed 
within the power flow iteration [30]. The other disadvantage of this 
technique is a less efficient solution. Experience has shown that 20-30 
iterations are required for convergence versus three to five iterations 
that are generally required for a conventional power flow study [32]. 
Due to these requirements, the development of this technique has 
been limited to relatively small balanced systems. 
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III. POWER SYSTEM HARMONICS RELATED TOPICS 
A. Properties of Harmonics in Power Systems 
When the power system and harmonic sources are three-phase and 
balanced, at each particular harmonic frequency, the entire system can 
be represented in either the positive, negative, or zero sequence. This 
pattern can be identified by writing balanced phase voltages for a few 
harmonics as follows: 
Fundamental 
Vgl(t) = A^CosCwgt + 
Vyi(t) = A^CosCw^t - f- + 
Ojr 
V^^(t) = A^CosCWgt + — + cf)^) 
Second harmonic 
= AgCosfZw^t + (p^) 
^b2^^^ ~ A2Cos(2u)Qt — -g— + = AgCosfZw^t + 
V^2(t) = AgCosCZWgt - ^ + = AgCosCZw^t - + cj)^) 
Third harmonic 
V^3(t) = AgCosCSWgt + *3) 
VbsCt) = A^CosCSu^t - "I" + ^ 3) = A^CosCSWgt + (J)^) 
V^^Ct) = AgCosCSWgt + ^  + 4)3) = AgCosCSWgt + *3) 
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Fourth harmonic 
= A^Cos(4coQt + (J)^) 
Vb4(c) = A^CosCtopt - + O4) = A^CosCAWgt - + *4) 
V^^Ct) = A^Cos(4o3Qt + O4) = A^CosCAw^t + §^+ O4) 
By examining the equations, it is observed that the second harmonic 
voltages are negative-sequence (acb phase sequence), the third harmonic 
voltages are zero-sequence, and the fourth harmonic voltages are 
positive-sequence. The same alternating pattern also applies to 
currents, and it can be expanded to any harmonic order of interest, as 
shown in Table 1. For this reason, linear power system components in 
balanced three phase systems can, for harmonic purposes, be represented 
by their positive, negative, and zero sequence impedances with reac­
tances scaled according to the harmonic of interest. It implies that 
inductive reactances increase in proportion to the harmonic number and 
capacitive reactances decrease in proportion to the inverse of the 
harmonic order. At some point they become equal and are, of course, 
of opposite sign. This condition is termed resonance. Resonance can 
occur in series elements or parallel elements. Series and parallel 
resonances provide a low and a high impedance to the flow of current 
at the resonant frequency, respectively. In the case of parallel 
resonance, if a current harmonic source exists at or near the resonant 
frequency, high harmonic voltages will occur along with high circulating 
currents in the resonant circuit. 
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Table 1. Harmonic phase sequence in a balanced three phase system 
Harmonic order Phase sequence 
1  . +  
2 
3 0 
4 + 
5 
6 0 
7 + 
8 — 
9 0 
The simple pattern of harmonic phase sequences does not apply in 
unbalanced systems. Unbalanced operation occurs when the harmonic 
source is unbalanced but can also result from unbalance in the power 
system. Untransposed lines and unbalanced capacitor banks in particu­
lar will cause coupling between the sequences at any particular harmonic 
[3]. In other words, in unbalanced situations, harmonics of each order 
contain positive-, negative-, and zero-sequence components [33]. 
Distribution feeders are often unbalanced due to unequal phase 
loading. Also, many feeders have single-phase branches. When 
unbalanced conditions are to be studied, the system can be represented 
with positive-, negative-, and zero-sequence quantities or with complete 
three-phase quantities. In this work, the system will be represented 
with complete three phase quantities. 
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If a system consists only of bilateral components or devices that 
produce phase voltages and currents with half-wave symmetry, i.e., where 
f(t) = -f(t ± T/2) 
T = period of waveform 
then voltage and current harmonics of even order (2,4,6, etc.) are not 
present. Since power systems and nonlinear loads tend to be bilateral 
(a bilateral system is one that has a symmetrical admittance matrix), 
harmonics of even order are not characteristic and are often ignored 
in harmonic studies. 
B. Objectives of a Harmonic Study 
The usual reasons for doing a harmonic study are [21]: 
1. To correct an existing problem, 
2. To estimate voltage distortion due to new system additions, 
and 
3. To estimate harmonic current magnitudes due to new system 
additions. 
Typical existing problems that require harmonic analysis include 
capacitor bank overloading, interference with ripple-control and power-
line-carrier systems, interference with telephone communications, pro­
tective relay misoperation, metering errors, overvoltages, and exces­
sive currents. The objective of studying an existing problem is to 
determine how to suppress the offending harmonic. Harmonic suppression 
techniques generally involve some sort of filtering. 
When a major source of harmonics is to be added to a feeder, a 
harmonic study should be performed to determine what the resultant 
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voltage distortion will be. The effects of voltage distortion may be 
divided into three major categories [34]: insulation stress due to 
voltage effects, thermal stress due to current flow, and load disruption 
which is defined as abnormal operation or failure caused by voltage 
distortion. 
Insulation stress depends primarily on instantaneous voltage 
magnitude and secondarily on voltage rate of increase. The presence 
of voltage harmonics can result in an increase of the crest value of 
the voltage and thus increased insulation stress. This increase is not 
of concern for most power system apparatus because they are insulated 
for much higher voltage levels than those usually encountered from 
harmonics. Capacitor banks, however, are very sensitive to overvoltages 
and must be protected against overvoltages resulting from harmonics. 
The voltage rate of increase is important in switchgear. 
It is also important to know the magnitude of harmonic currents 
and the paths in which they flow when a major harmonic-producing source 
is added to the system. It could be troublesome if significant harmonic 
currents flow near exposed telephone lines. The currents could also 
travel into areas of the feeder with local resonance problems, resulting 
in excessive voltage distortion. Finally, the presence of harmonic 
current, in general, increases the losses and thus the thermal stress 
of equipment and apparatus in the system. The losses are classified 
as copper losses, iron losses, and dielectric losses. The iron loss 
itself is composed of hysteresis loss and eddy current loss. 
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In order to judge the level of harmonics distortion in the power 
system, a figure of merit is required that can be used for comparison 
purposes. Four commonly used figures of merit are as follows: 
00 
Voltage Distortion Factor (VDF) = ^  ^ (V )^] 
1 n=2 " 
00 
Current Distortion Factor (CDF) = ^ (I 
1 n=2 " 
Telephone Interference Factor (TIF) = -j— [ ^  (W I 
1 n=2 
CO 
Magnitude Factor (MF) = -^ I V 
1 n=2 " 
where 
^1' ^1 ~ voltage and current peak value of fundamental, 
V^, I^ = voltage and current peak value of nth harmonic, and 
= weighting factor to account for audio and inductive cou­
pling effects at the frequency of the nth harmonic. 
The voltage and the current distortion factors are used to define 
the overall effects of harmonics on the power system voltage and current 
respectively. The harmonic voltage limits set by IEEE for power 
producers^ are shown in Table 2. Table 3 lists the IEEE recommended 
current distortion that a user can draw from a power producer at the 
point of common coupling with other users.^ It is based on the size 
of the total load, I^, that the user has. 
^Unpublished data from C. K. Duffey and R. P. Stratford, Power 
Technologies, Inc., Schenectady, New York, 1988. 
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Table 2. Harmonie voltage limits for power producers 
Harmonie voltage distortion % 
2.3-69 KV 69-138 KV >138 KV 
Maximum for 
individual harmonies 3.0 1.5 1.0 
Total harmonie 
voltage distortion 5.0 2.5 1.5 
Table 3. Harmonie current limits for power users 
Harmonic current distortion % 
Harmonic order Total harmonic 
<10 11-22 23-34 >35 current distortion 
10-20 4 1.5 1.0 0.5 5.0 
20-50 7 2.5 1.5 0.8 8.0 
50-100 10 4.0 2.0 1.2 12.0 
100-1000 12 5.0 2.5 1.5 15.0 
>1000 15 8.0 4.0 1.8 20.0 
The magnitude factor gives an upper bound on the peak voltage which 
is of interest from an insulation standpoint. 
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C. Linearized Model 
This section is devoted to the linearized model of harmonic 
analysis which was chosen as a tool for this study. 
In this technique, the entire power system is modeled as an 
assemblage of passive elements with the harmonic currents being injected 
at the source locations. Thus, for an m-bus system, this becomes a set 
of m linear complex algebraic equations at each harmonic under study. 
The admittance matrix equation for the nth harmonic is 
T = Y V 
n n n 
where : 
" f^ln' hn ^mn^^ 
and is the nth harmonic phasor current injected at bus j, and 
- tVln- V 
with being the nth harmonic phasor voltage of bus j. is the 
admittance matrix for the nth harmonic. Given the harmonic current 
vector and the admittance matrix at each harmonic frequency of interest, 
the bus voltages can be found by matrix inversion or one of the more 
efficient substitution algorithms. Knowing the harmonic voltages at 
every node, it is possible to determine current flow on any line. It 
will be the voltage difference between the nodes which terminate the 
line divided by the impedance of the line: 
V. - V. 
• ' . - f  
where 
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= nth harmonic current flowing on line between i and j; 
= nth harmonic voltage at node i; 
= nth harmonic voltage at node j; and 
Z. . = nth harmonic impedance between nodes i and i. ijn 
Thus, the solution involves an m by m matrix for each harmonic of 
interest. These matrices are generally quite sparse and sparsity tech­
niques can be employed to reduce storage requirements and to improve 
solution time. The sparsity structure is the same for all harmonics. 
When the harmonic voltage is known at any bus j, the injected 
current at that bus can be found from 
where 
= nth harmonic driving point impedance at node j. 
Then, the harmonic voltages and current flows can be computed as before. 
An alternate solution is found using the bus impedance matrix. 
The equation becomes 
^n = V n 
where the bus impedance matrix 
= V' • 
The difference between these two methods is that the bus voltages 
are found directly using the bus impedance matrix. On the other hand, 
the formation of the bus impedance matrix is more complicated than the 
bus admittance matrix. 
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Multiple harmonie sources can be handled simultaneously by entering 
all of them into the vector of injected harmonic currents and solving 
the system only once. If there is more than one harmonic source in the 
system, it is necessary to associate with each harmonic source a phase 
angle in order to obtain the proper phase angles for harmonic node 
voltages and current flows. 
The linear approach offers computational efficiency while giving 
up some accuracy due to the idealized estimate of injected current from 
nonlinear devices, most important of which are converters. However, 
the accuracy of the analysis can be improved with better estimates of 
the harmonic current injected by the converter. Convenient expressions 
for harmonic current as a function of various converter parameters are 
available that can be used with the admittance or impedance matrix to 
determine system response [35-38]. 
This method can be applied to either balanced or unbalanced system 
studies and can accommodate larger systems than other methods. The 
study of unbalanced three-phase systems requires tripling the size of 
the system under study so that an m bus system will require a 3m by 3m 
admittance or impedance matrix. 
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IV. FREQUENCY DEPENDENT MODELS FOR NETWORK ELEMENTS 
A. Distribution Lines 
For this study, parameters of multi-conductor lines are calculated 
at each frequency by the program from the conductor characteristics 
(diameter, geometric mean radius, dc resistance), line configurations 
(heights and spacings of phase conductors and neutral conductor), line 
length, and earth resistivity. The it-model [39] in Figure 1 is then 
used to represent the line for the analysis purposes. 
With the IT-model representation of the multi-conductor line, the 
series inductance and shunt capacitance may resonate at a frequency 
which is close to one of the frequencies being generated by the 
harmonic-producing sources. If this is the case, then the resistance 
of the line will play an important role in determining the magnitude 
of the currents. This suggests that an accurate value of line 
resistance for various frequencies is needed. 
At higher frequencies, electromagnetic fields change very rapidly 
in time and they do not penetrate very far into conductors. They are 
stopped by the currents that flow at or near the surface of the con­
ductor; these currents near the surface generate fields which cancel 
the incident fields that might exist on the inside and that might cause 
current to flow near the surface. It follows that currents are largest 
near the outside surfaces [40]. In transmission and distribution line 
circuits, this means at higher frequencies the current density will be 
nonuniform throughout the cross section of the conductors, with the 
20 
[Z] 
series 
%[Y] 
shunt shunt 
[Zl . and [Yl , are series impedance and shunt 
series shunt 
admittance matrices, respectively. 
Figure 1. TT-model representation of the line 
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interior of the wires carrying less current than the outer portions. 
This phenomenon is called skin effect. Because of this, the metal 
making up the conductors is not fully utilized in the current carrying 
processes and the resistance is greater than the dc value. Also, skin 
effect decreases the internal flux linkages and lowers the internal 
inductance as compared to uniform current density. 
As frequency increases, the skin effect begins to dominate the 
resistance. Stevenson [41] presents a method of determining the ac 
resistance of a round conductor as a ratio to the dc resistance. 
R mrrber(mr)bei'(mr) - bei(mr)ber'(mr) ,, ^\ 
o t  -  _  =  ^ ^ ^ ^ ^ ^  ( 4 . 1 )  
0 (ber'(mr)) + (bei'(mr)) 
mr = ^ J ^ (4.2) 
'(2TTf)(47r)(10 7; ) 
= r/ — ^ (4.3) 
( 2 n f ) ( 4 n ) ( 1 0  \ )  
p/nr^ 
( 4 . 4 )  
(2f)(4Tr)(10'\) 
^0 
( 4 . 5 )  
= 0.001585 (4.6) 
where 
R = ac resistance of the conductor, 
Rg = dc resistance of the conductor, fim 
r = radius of conductor, m 
-1 
-1 
22 
p = resistivity of the conductor, 
H = permeability of the conductor, Hm ^ 
= relative permeability of the conductor, 
f = frequency, Hz 
and terms "ber" and "bei" are abbreviations for "Bessel real" and 
"Bessel imaginary" functions, respectively. The relative permeability 
of a nonferrous conductor can be approximated by unity. Thus, equation 
(4.6) will reduce to 
mr = 0.001585 /f/R. . (4.7) 
Therefore, the ac resistance of conductors will be represented as a 
function of dc resistance and frequency through the use of equations 
(4.1) and (4.7). 
The self inductance of a conductor is composed of two parts: 
L = , (4.8) 
where is the internal inductance due to internal flux linkages and 
is the external inductance resulting from flux linkages outside the 
conductor. The terms on the right side of equation (4.8) are defined 
by Anderson [42] for the case where the radius of the conductor is much 
less than the length of the line. 
M dcxL 
Li = H (4.9) 
Le=^lnf^-1) H (4.10) 
where 
= permeability of the conductor, Hm -1 
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= permeability of the medium surrounding the 
conductor, Hra ^ 
d = length of the line, m 
r = radius of the conductor, and m 
= ratio of internal ac inductance to internal 
dc inductance. 
The term is given by Stevenson [41] as 
(x _ _ 4 |.ber(mr)ber'(mr) + bei(mr)bei'(mr) ^ (4.11) 
L mr (ber'(mn))^ + (bei'(mr))^ 
where 
= internal ac inductance, H 
L q^ = internal dc inductance, and H 
mr = as defined in equation (4.7). 
In most cases we are concerned with nonferrous conductors in an air 
medium and, for all practical purposes, and can both be set equal 
to the permeability of vacuum, Using this and substituting 
equations (4.9) and (4.10) into equation (4.8), the result is 
+ " (4-12) 
Simplifying, 
*^0 2d 
L = + (In- 1)] . H (4.13) 
But 
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«T 
= InC^-r) (4.14) 
e"'* 
-"l 
~ ^ ^(Q.779^ • • (4.15) 
Substituting equation (4.15) in equation (4.13) results in 
M d "l 
^ = 2?" ^ ^"079? - 1] ' H (4.16) 
The quantity 0.779r is the geometric mean radius for cylindrical 
conductors. Using this, the inductance formula will be 
M^d "l 
L = ^  - 1] H (4.17) 
s 
where 
Dg - geometric mean radius of conductor. m 
Starting with equation (4.17) and deriving the self and mutual 
impedances of a multi-conductor line as shown in reference [42], we 
obtain 
e^^De 
Zii = (RqOCJ^ + Rg)d + jfM^d[ln-g ] n (4.18) 
s 
D 
Zij = Rgd + jf|iQd[ln^] n (4.19) 
Rg = 9.869 X 10~^f Om"! (4.20) 
% 
Dg = 2160/— m (4.21) 
where 
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Rg = earth resistance, 
D^j = distance between conductor i and j, ra 
pg = earth resistivity, and f2m 
f = frequency. Hz 
The letters i and j can refer to either phase conductors or neutral con­
ductors. When there is no neutral conductor, the matrix formed by Z^^'s 
and ZLj's terms represents the series impedance of the line. Otherwise, 
the series impedance of the line can be found by Kron reducing [43] the 
rows and columns that correspond to the neutral conductors. 
The shunt admittances of a line can be calculated from the follow­
ing equation: 
[Y^shunt = j2nfd[C] - (4.22) 
The elements of matrix [C] are called Maxwell's coefficients. The 
matrix [C] itself is the inverse of the potential coefficients matrix. 
[C] = [P]"l Fm'l (4.23) 
Following the same derivation as given in reference [42], the diagonal 
and off-diagonal elements of matrix [P] can be found as follows; 
Pii = 2^1" 77 (4.24) 
•"ij - 2ïr ^ f''- (4-25) 
a ij 
where 
= permittivity of air, Fm~^ 
= height of conductor i above ground. m 
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= radius of conductor i, m 
H. . = distance between conductor i and image of 
1J 
conductor j, and ra 
= distance between conductor i and conductor 
j. m 
Note that the permittivity of air is substantially the same as the per-
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mittivity of vacuum which is 8.85x10 farad per meter. 
The letters i and j in equations (4.24) and (4.25) can refer to 
either phase or neutral conductors. When there are one or more neutral 
conductors, the rows and columns in the potential coefficients matrix 
[P] that correspond to the neutral wires are first Kron reduced, and 
then matrix [C] will be computed. 
The shunt admittances given by equation (4.22) are' separated into 
two equal parts with one part being connected to each end of the line. 
B. Transformers 
Power system transformers are complex devices that are best modeled 
with turn to turn distributed inductances and capacitances. They have 
internal resonant frequencies and, therefore, a widely varying frequency 
dependent input impedance. However, complete representation of every 
turn in the transformer is not practical and can not be justified. 
Fortunately, the resonant frequencies of power transformers are reported 
to be considerably higher than the normal range of interest in harmonic 
analysis [20], thereby allowing the use of simple transformer models 
in harmonic studies. 
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Reference [44] develops models for three-phase transformers in the 
phase coordinates starting from the primitive or unconnected network 
of transformers. In general, a two-winding three-phase transformer has 
a primitive network consisting of six coupled coils. The primitive 
network. Figure 2, can be represented by the primitive admittance matrix 
which has the following general form: 
II yii ^12 ^13 ^14 ^15 ^16 
:2 ^21 ^22 ^23 Hk ^25 ^26 ^2 
I3 
^31 ^32 ^33 Hk ^35 ^36 V3 
I4 ^41 ^42 ^43 ^44 ^45 ^46 
^51 ^52 ^53 ^54 ^55 ^56 "5 
^6 ^61 ^62 ^63 ^64 ^65 ^66 
( 4 . 2 6 )  
The elements of matrix can be measured directly, i.e., by 
energizing coil i at the appropriate frequency and short circuiting all 
other coils, column i of can be calculated from the following 
equation. 
- v^-
( 4 . 2 7 )  
Considering the reciprocal nature of the mutual couplings in 
equation (4.26), one would have to make 21 separate short-circuit 
measurements to complete the primitive admittance matrix. By assuming 
that the flux paths are symmetrically distributed between all windings, 
equation (4.26) may be simplified to equation (4.28), where coils 1, 
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Figure 2. Primitive network of a two-winding three-phase transformer 
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2, and 3 are considered the primary windings and coils 4, 5, and 6 are 
considered the secondary windings. 
"^P -ym 
y; y;" 
"^1 
h 4 • y; -ym y; ^2 
K y; y; -ym ^3 
^m 
y; ys V' " 
•^m 
V'" 
•^m 
-^m 
y; V » " 
•'m ys 
y?II 
•'m ^5 
^m -ym 
V » " 
•'m 
Y 1 II 
•'m ys_ 
(4.28) 
where 
y^ = self admittance of primary windings, 
yg = self admittance of secondary windings, 
y^ = mutual admittance between primary and secondary windings on 
the same core, 
= mutual admittance between primary windings, 
y^ = mutual admittance between primary and secondary windings on 
different cores, and 
y^" = mutual admittance between secondary windings. 
For three separate single-phase transformer units, all the primed values 
are effectively zero. 
Next, the method of linear transformation can be used to find the 
network admittance matrix for any two-winding, three-phase transformer. 
[ïl„ode - to • (4.29) 
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The connection matrix [C] is composed of zeroes, ones, and negative ones 
and relates the primitive branch voltages to the node voltages: 
[V'branch = ^["node ' (4-3°) 
Usually, the information required in equation (4.29) is not 
provided by the manufacturer in the transformer test report. Therefore 
having only the transformer test report, transformers can not be modeled 
using this method. 
References [45] and [46] present data on input impedances versus 
frequency for several typical power transformers. For the frequency 
range of interest, less than 3 KHz, the input impedance has a positively 
sloped linear relationship with the frequency. Therefore, at frequen­
cies of less than 3 KHz, the input impedance can be approximated by an 
ideal leakage inductance. 
In this study, three-phase transformers are first modeled in 
positive-, negative-, and zero-sequence frame of reference using 
sequence parameters and connection types, then a transformation is made 
to find the phase representation of the transformers. 
Figure 3 illustrates the model used for the positive- and negative-
sequence representation of a three-phase transformer. To increase the 
accuracy of the transformer model, an optional magnetization branch is 
added. The leakage impedance is separated into two equal parts, and 
the shunt branch is added from the common point of the leakage 
impedances to ground. The shunt branch consists of an ideal inductance 
in parallel with a frequency dependent resistance. The resistor repre­
sents hysteresis and eddy-current losses. Reference [47] shows that 
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Figure 3. Positive- and negative-sequence model of the transformer 
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the resistance is inversely proportional to the frequency for hysteresis 
losses, and inversely proportional to the square of the frequency for 
eddy-current losses. Therefore, the resistance in the shunt branch as 
a function of harmonic order can be represented by 
For a transformer which is constructed with silicon steel, t is about 
3. This value of t is used as a default value for the ratio of 
hysteresis to eddy-current losses. 
The phase-shift angle 6 is needed to represent wye-delta connected 
three-phase banks. High-tension terminals of three-phase transformers 
are marked , H2, and and the low-tension terminals are labeled 
X^, X2, and X^. The American transformer standard requires that a wye-
delta transformer be labeled such that the positive-sequence voltage 
drop to neutral on the high-tension side, i.e., the positive-sequence 
voltage drop from to neutral, leads its counterpart on the low-
tension side, i.e., the positive-sequence voltage drop from to 
neutral, by 30°, regardless of whether the wye or delta winding is on 
the high-tension side. The high- and the low-tension terminals of a 
three-phase transformer can be connected to phases A, B, and C in nine 
different ways. This designation of phases on the low and the high 
sides of a wye-delta transformer determines whether the phase shift 
^h ^fund'-(t+l)h ^ (t+l)h 
(4.31) 
where 
Rr , = core loss resistance at 60 Hz, and fund 
t = ratio of hysteresis to eddy current losses. 
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Table 4. Phase designations and phase-shift angles for a wye-delta 
transformer 
«1 «2 «3 
^1 X2 X3 (degrees) 
A B C a b c 30 
A B C b c a 270 
A B c c a b 150 
B C A b c a 30 
B C A c a b 270 
B C A a b c 150 
C A B c a b 30 
C A B a b c 270 
C A B b c a 150 
angle 6 is 30°, 150°, or 270°. Table 4 lists all possible phase 
designations and the corresponding phase-shift angle. 
The tap-changing mechanism is located on the left side of the 
transformer model, and the off-nominal turns ratio of the transformer 
is given by the constant A. When the high-voltage side of the trans­
former is on the same side as the tap-changing mechanism, the constant 
K is 1 for the positive-sequence model and -1 for the negative-sequence 
model. Otherwise, K is 1 for negative- and -1 for positive-sequence 
models. 
The zero-sequence model depends on the transformer connections and 
it is, in many respects, similar to the positive- and negative-sequence 
models given earlier. Measurements of leakage impedance, by 
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short-circuit tests, show almost no change from positive- and negative-
sequence to zero-sequence leakage impedance. According to Anderson 
[42], the zero- and positive-sequence shunt branches, however, will be 
different. Moreover, the zero-sequence shunt branch varies between the 
core-form and the shell-form transformers. Generally, the excitation 
branch of the shell-type design is neglected, while the excitation 
branch of the core-type design should not be neglected. Nevertheless, 
when a high degree of precision is required, the transformer manufac­
turer should be consulted. When high precision is not required, the 
zero-sequence impedance is taken to be equal to the positive-sequence 
impedance. The zero-sequence equivalent models for some of the 
different connection possibilities are shown in Figure 4. Note that 
the constant K is zero in this case. 
The magnetization shunt branch is optional in the computer program; 
it can be ignored completely, or it can include either core-loss resist­
ance, magnetization inductance, or both. 
C. Load Modeling 
System loading provides damping near resonant frequencies and, 
therefore, is an important element of the system representation. 
Because the load is always changing and the exact composition of it is 
often unknown, it is difficult to determine an accurate model to repre­
sent the load. Certainly, induction motors, heating, and lighting are 
major components. However, system loading can be approximately modeled 
by making proper assumptions. 
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-nRT'-'VW 
(a) 
A;1 
"vw-nnr^ —'vw—° 
(b) 
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^vw-^inn- -HRn-^vw-i 
(c) 
Figure 4. Zero-sequence equivalent circuits (G indicates ground 
connection) 
(a) Wye G-Wye G 
(b) Wye G-Wye (Wye G is the tap changing side) 
(c) Wye G-Delta (Wye is the tap changing side) 
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(f) 
Figure 4. Continued 
(d) Wye G-Wye (Wye is the tap changing side) 
(e) Wye G-Delta (Delta is the tap changing side) 
(f) Wye-Wye, Wye-Delta, and Delta-Wye 
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Pileggi et al. [24] suggested that if the nature of the load is 
not well-defined at a bus, the load can be modeled as a shunt resistance 
in parallel with a shunt inductance selected to account for the 
respective active and reactive power at 60 Hz. This is referred to as 
a generalized linear load model (Figure 5). 
2 2 
T  yZ . . s  
U = ô-r- = o-n-ffl (4.33) 
^ (27rf)(SL)[l-(PF^]= 
where 
V = line-to-line voltage magnitude at fundamental 
frequency, KV 
= load resistance, ^ 
= load inductance, H 
Sj^ = fundamental frequency load apparent power, MVA 
FF = load power factor, and 
f = frequency. Hz 
Pileggi also suggested to treat a distributed load as equivalent lumped 
loads at the two ends of the line section over which it is distributed. 
An equivalent circuit of an induction motor is shown in Figure 6. 
For harmonic purposes, the large magnetization shunt branch is sometimes 
ignored, leaving a simple equivalent loop circuit. For the harmonic 
order h, the slip s becomes 
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Figure 5. Generalized load model 
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Figure 6. Equivalent circuit of induction motor 
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h(o 0) 
s = (4-34) 
S s 
where 
Wg = synchronous speed of stator field, arid 
= rotor speed. 
At rated speed, 0)^=0)^, and the slip reduces to 
s = 1 - i (4.35) 
Therefore, the slip approaches unity as h increases. For this reason, 
Pileggi recommended that, as a first approximation, induction motors 
be modeled, for harmonic purposes, by their equivalent locked rotor 
elements. For higher-order harmonics, the reactive terms dominate and 
the series resistances can be ignored. Therefore, assuming the terminal 
voltage is one per unit, the induction motor is sometimes modeled as 
a purely inductive shunt branch; 
^ pu (4.36) 
where 
h = harmonic order, and 
= fundamental frequency reactive power of the motor in per unit. 
In this study, the equivalent circuit of Figure 6 is modified to 
more accurately model the motor for harmonic analysis purposes. Then, 
this equivalent circuit with modifications and a parallel shunt resist­
ance is used to represent loading at a bus. All the reactive power is 
assumed to be consumed in the reactance of the machine. The real power 
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is divided between the shunt resistor and the resistance of the 
equivalent motor. The division of the real power should be based on 
a knowledge of the types of load present. Typical division of power 
is given in a report by the Department of Water and Power, City of Los 
Angeles [48] for three areas; residential, 50% resistive and 50% motor; 
commercial, 40% resistive and 60% motor; and industrial, 30% resistive 
and 70% motor. From these or any other percentages and knowing the 
amount of power flowing into the load, the value of shunt resistance 
can be determined. 
At 60 hertz, the equivalent circuit of Figure 6 can be represented 
by the approximate equivalent circuit in Figure 7(a). In this circuit, 
the shunt resistor, , represents the hysteresis and eddy-current 
losses. Knowing the hysteresis and eddy-current losses percentage of 
the total motor power and assuming the terminal voltage to be one per 
unit, the core losses will be 
where 
LP = hysteresis and eddy-current losses percentage of total motor 
power, and 
floss = (0.01)(LP)(Pm) pu (4.37) 
P^ = per unit power consumed by the motor. 
The shunt resistance can then be found 
V 
2 1 
^loss p. 
- (0.01)(LP)(PJ • pu (4.38) loss 
Ri 
AAA/ 'DIP-
R loss 
X 
m 
(a) 
X, 
R loss Km %2 
(b) 
Figure 7. Load model 
(a) Approximate model of induction motor 
(b) High-frequency model of induction motor 
(c) Final load model 
X. 
R. 
loss 
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This value of resistance is frequency dependent and must be corrected 
in the same manner as the transformer core-loss resistance in equation 
gible compared to the reactances and X2 in Figure 6. Therefore, at 
higher frequencies, Figure 7(b) can be used to represent the induction 
motor. To determine the values of the inductances of the proposed 
equivalent circuit, certain assumptions are made. From previous 
knowledge of induction motors, it is reasonable to choose X^ and X^ to 
be approximately equal. Also, X^ can be approximated to equal 35X^. 
At 60 Hz, one can estimate the magnetizing current to be 30% of the 
total current entering the motor. It is also assumed that at 60 hertz 
the current flowing in is negligible compared to the currents 
flowing in X^ and X2 of Figure 7(b). Therefore, the reactive power 
consumed by the motor at 60 Hz is 
(4.31). 
As frequency increases, the resistances and R2/S become negli 
(4.39) 
= I^X^ + (0.3I)S5Xj + (0.7I)^X^ (4.40) 
= 1^X^(3.15 + 0.49) (4.41) 
= 4.64I^X 
1 (4.42) 
where 
I = current entering the motor, and 
Q = reactive power consumed by the motor. 
m 
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The values of I and 0 are also related by 
= (fm + Qm)* • (4.43) 
If voltage equals one per unit, then current becomes 
i' - • (4.44) 
Substituting equation (4.44) into equation (4.42) results in 
^1 ~ 2 2 4.64(p2 + Q^) 
(4.45) 
Since in Figure 7(b) equals SSXg, the parallel combination of these 
two approximately equals . The final representation of loads is shown 
in Figure 7(c) with 60-hertz impedances defined in equations (4.38) and 
For a single-phase induction motor, the constant factor, 1/3, does 
not appear either on the left side of equation (4.39) or on the right 
side of equation (4.44), resulting in exactly the same equation as 
equation (4.45) for X^. 
In the computer program, the ratio of X^ to X^ and the ratio of 
magnetizing current to the total current entering the motor can be set 
by the user within ranges defined in the program. By proper use of this 
option, all the load models mentioned above can be generated. 
There are two primary methods of harmonic reduction; namely, har­
monic cancellation and harmonic filtering. Harmonic cancellation 
(4.45). 
D. Filter Modeling 
44 
involves the use of either transformers or specialized magnetics to 
phase shift multiple converters in order to obtain cancellation of 
certain characteristic harmonic pairs. On the other hand, harmonic 
filtering is used to trap or block certain harmonic orders. 
In general, the harmonic filters at the converter terminals are 
designed to serve a dual purpose: 
1. Reduce harmonic levels to acceptable levels. 
2. Provide all or part of the reactive power consumed by the 
This second design requirement normally determines the size of the 
filter bank. 
Ac harmonic filters often fall into one of the following two 
categories: single- or double-tuned filter and high-pass filter. Using 
the digital program, single-tuned filters and second-order high-pass 
filters can be designed from filter characteristics such as the resonant 
frequency, filter size, and quality factor. 
A single-tuned shunt filter branch is shown in Figure 8(a). The 
following variables are used to describe the filter: 
converter. 
S = WgCV 2 (4.46) 
cOq  =  1//W (4.47) 
(4.48) 
where 
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t: 
(a) (b) 
Figure 8. Typical harmonic filters 
(a) Single-tuned filter 
(b) Second-order high-pass filter 
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S = size of the filter, KVAR 
= fundamental angular frequency, 
Wg = tuned angular frequency, 
= quality factor of the filter, and 
V = fundamental voltage magnitude at the 
rad s -1 
rad s -1 
terminal of the filter. V 
Assuming one per unit voltage at the terminal of the filter, the value 
of the capacitor can be calculated from equation (4.46). Knowing the 
value of the capacitor, the value of the inductor and, then, the value 
of the resistor can be found from equations (4.47) and (4.48), 
respectively. 
The quality factor determines the sharpness of tuning and the 
minimum impedance for a tuned filter branch. The minimum impedance 
occurs at 
A higher results in a lower filter impedance at the resonant 
frequency and also in sharper tuning. 
A second-order high-pass filter can be seen in Figure 8(b). 
Parameters for this filter are defined in the same manner as for the 
tuned filter except for the filter quality factor and the addition of 
a new parameter. The quality factor for the high-pass filter is defined 
as follows: 
min (4.49) 
(4.50) 
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This is the reciprocal of the quality factor for a single-tuned filter, 
but it is still an indicator of the sharpness of tuning. 
The values of C, L, and R can be found in the same way as for tuned 
filters. In Figure 8(b), the resistor, R^, represents the resistance 
of the inductor and can be found as follows: 
w ,L 
R. = pj— (4.51) 
Wi 
where 
= fundamental angular frequency, and rad s ^ 
= quality factor of the inductor. 
The use of is optional to the user and can be ignored which results 
in ignoring the series resistor R^. 
Multi-phase shunt capacitor and inductor banks can be simulated 
in the program by using a zero resonant frequency as a flag, and posi­
tive and negative filter sizes to indicate capacitor and inductor banks, 
respectively. 
E. Transmission System 
For harmonic analysis of distribution systems, it will usually be 
sufficient to represent the entire transmission system by a short-
circuit equivalent at the high side of the substation transformer [6]. 
This is the case because the station transformer will usually dominate 
the impedance seen from the distribution system. 
In this study, the positive-, negative-, and zero-sequence quanti­
ties of the transmission system short-circuit equivalent at the high-
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voltage side of the substation transformer are transformed to represent 
the transmission system in the phase frame of reference; 
^abc ~ ^ 012^ 
-1 (4.52) 
where A is the following transformation matrix 
"1 1 1 
2 A = 1 
u 
a 
a 
and 
(4.53) 
a = 1 120° . 
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V. HARMONIC SOURCES 
In addition to the three-phase line-commutated bridge converters 
that can be modeled using the digital program, other harmonic-producing 
devices are represented by either current or voltage harmonic sources. 
Single-, two-, and three-phase harmonic current and voltage sources are 
specified by magnitude and phase angle at each harmonic frequency to 
be studied. Multiple sources of harmonic voltages or currents are 
allowed in the computer program, as well as a mixture of voltage and 
current sources. 
Three-phase converters are normally characterized by their number 
of pulses. The pulse number of a converter is the number of pulsations 
(cycles of ripple) of the direct voltage per cycle of the alternating 
voltage. In order for the converter to operate properly, it must be 
supplied with constant balanced sinusoidal voltages. In the absence 
of any delay angle, it is the zero crossing of the ac voltage waveforms 
that controls the firing of the valves. On the dc side of the converter 
there is a large smoothing reactor. 
A three-phase six-pulse line-commutated bridge converter is shown 
in Figure 9. The switching sequence with zero firing (delay) angle is 
shown in Figure 10(a), (b), (c), and (d). Valve 1 will conduct while 
e^ is larger than e^ and e^. With valve 1 conducting, the voltage e^ 
is imposed on the forward ends of valves 3 and 5. As long as e^ is 
larger than e^ and e^, valves 3 and 5 will not conduct. When e^ becomes 
larger than e^, valve 3 will start conducting. This imposes e^ on the 
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Figure 9. Three-phase six—pulse line—commutated converter 
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forward ends of valves 1 and 5. Valve 1 then stops conducting. Valve 
3 will now conduct while e^ becomes larger than e^, and so on. The same 
kind of operation also takes place on the negative side of the ac sine 
wave with valves 2, 4, and 6. 
Thus, only two valves, one from the upper row and one from the 
lower row, conduct simultaneously. The voltage drop from the anode of 
the upper conducting valve to the cathode of the lower conducting valve 
is the largest among all such voltage drops. The instantaneous direct 
voltage v^ across the bridge on the valve side of the dc reactor is 
composed of six 60° arcs of this same anode-to-cathode voltage (Figure 
10(c)). As it can be seen in Figure 10(b), during the first half of 
the conducting period of valve 1, the anode to cathode voltage drop is 
the largest for valves 1 and 6, e^^, therefore these two valves conduct. 
During the second half of this period, e^^ dominates; thus valves 1 and 
2 do the conducting. 
The six valves conduct in the following sequence: 1-6, 1-2, 3-2, 
3-4, 5-4, 5-6, and 1-6. The valve currents are rectangular pulses of 
height and length 60°. Each valve conducts for one-third cycle, and 
then conducting is transferred to another valve. The transfer of cur­
rent from one valve to another in the same row is called commutation. 
Commutation occurs from valve 1 to valve 3, then from 2 to 4, from 3 
to 5, from 4 to 6, from 5 to 1, and from 6 to 2 (Figure 10(d)). 
Phase a is connected to valves 1 and 4. Phases b and c are con­
nected to valves 3,6 and 5,2, respectively. The ac line currents are 
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(a) 
(b) 
(c) 
(d) 
» tot 
> tot 
» wt 
tut 
Figure 10. Waveforms for operation of the three-phase bridge rectifier 
(a) Line-to-neutral voltages 
(b) Line-to-line voltages 
(c) Instantaneous direct voltage v^ 
(d) Valve currents 
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a series of step variations due to the on-off action of the valves. 
The current waveforms shown in Figure 11(a), (b), and (c) are the ac 
line currents flowing on the dc side of the converter transformer. To 
analyze the effects of these waveforms on the network, it is necessary 
to break these periodic current waves into a fundamental sinusoidal 
component and harmonics of various orders. Since the harmonics are a 
function of the transformer connections, all possible transformer con­
nections should be considered. 
If the converter transformer is connected in a wye-wye or delta-
delta configuration, the line currents on the ac network side, i.e., 
I^, will have the same wave shape as those currents on the valve side. 
Therefore, they will have the same harmonic contents. Reference [34] 
presents a straightforward method of applying the Fourier series theory 
to this type of waveform. Applying the method to the waveshape in 
Figure 11(a) and assuming a 1:1 transformer bank ratio results in 
lA('JJt) = I^(Coswt - Y CosSwt + y Cos7wt - Cosll^t 
+ Cosl3wt - Cosl7wt + Cosl9wt...) (5.1) 
The direction of this current is from the ac side into the converter 
transformer. 
If the converter transformer is connected in delta-wye or 
wye-delta, then the current wave shape on the network side will be 
different from that in the valve side. When the transformer is 
connected in wye on the valve side and in delta on the network side, 
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(e) 
Network-side line currents of converter transformer 
(a) Wye-Wye, phase a 
(b) Wye-Wye, phase b 
(c) Wye-Wye, phase c 
(d) Wye-Delta, phase a 
(e) 12-pulse brige, phase a 
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and the ratio of each transformer leg is 1:1, then the currents that 
flow in the phases of the delta-connected windings will be the same as 
those in the corresponding wye-connected windings. Each line current 
on the ac network side will be the difference of two phase currents of 
the delta windings. For instance 
I* = iy - ic . (5.2) 
I^, ij^, and i^ are shown in Figure 11(d), (b), and (c), respectively. 
Line current in Figure 11(d) is constructed graphically from the two 
waves above it. Figure 11(d) also shows the 90° phase shift associated 
with the wye-delta transformers. Applying the Fourier series method 
to waveform of Figure 11(d) and assuming a bank ratio of 1:1 rather than 
the ratio of each transformer leg being 1:1, the in equation (5.2) 
will be represented by 
o/ï 111 
lA('^t) = I^(CosWt + Y Cos5wt - y CosTwt - Cosllcot 
+ Cosl3wt + -jy Cosiywt - CoslQwt.. . ) (5.3) 
The harmonics present and their magnitudes are the same as in the 
wye-wye case. However, some of the signs associated with the harmonics 
have changed, and this accounts for the difference in wave shapes. 
Two six-pulse bridges of equal capacity may be operated in parallel 
to result in a 12-pulse converter. One bridge has a wye-wye transformer 
connection while the other bridge has a wye-delta configuration. The 
line current on the ac network side of the transformers will be the sum 
of the currents shown in Figure 11(a) and (d). The resulting waveform 
is shown in Figure 11(e). 
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If the bank rather than each transformer leg has a ratio of 1:1, 
then the network side current of the 12-pulse converter is the sum of 
equations (5.1) and (5.3). To keep the power rating of the 12-pulse 
converter equal to that of a six-pulse converter, both the direct 
voltage and the alternating current of each of the two bridges compos­
ing the 12-pulse converter should be half of the corresponding single 
six-pulse bridge converter. Half of the sum of equations (5.1) and 
(5.3) is 
n  7 ?  I l l  
I^(wt) = I^(Coawt - "YY Cosllwt + Cosl3wt - Cos23wt 
+-^ Cos25(jot ...) (5.4) 
The harmonics which are present in the six-pulse bridges but do not 
appear in the 12-pulse converter line currents circulate between the 
two banks of transformers. 
It is apparent that the harmonics which are present for any 
converter are 
h = np ± 1 , (5.5) 
where h is the harmonic order, p is the pulse number of the converter, 
and n is a positive integer. In practice, however, harmonics of other 
orders, but of minor magnitudes, due to unbalances in the system are 
present. These unbalances might be caused by variations in voltages 
or impedances in three-phase systems, differences in transformer winding 
ratios for wye and delta connections, and/or differences in converter 
firing angles in different phases. The harmonics given by equation 
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(5.5) are called characteristic harmonics of the converter and other 
harmonics are called noncharacteristic harmonics. 
In the analysis of harmonics so far, the valves have been con­
sidered ideal on-off devices with zero switching times (no overlap) and 
zero delay (firing) angle. However, actual devices take a finite time 
for each valve to turn off and turn on. During this period, the number 
of conducting valves may be three or four according to the overlap 
(Figure 12). In normal operation, the overlap angle, u, is less than 
60°. The operation of the bridge converter with overlap angle in the 
range between 60° and 120° is abnormal, being encountered only under 
overload, dc short circuit, or low alternating voltage. In this study, 
the overlap angle is assumed to be less than 60°. 
The delay angle affects both the direct voltage and the angle 
difference between the fundamental line current and the line-to-neutral 
source voltage. The instantaneous direct voltage v^ across the bridge 
on the valve side is composed of 60° arcs of the alternating line-to-
line voltages. As the firing angle varies from 0 to 90° and to 180°, 
the average direct voltage ranges from to 0 and to —volts, 
° IT m IT m 
where E^ is the peak line-to-neutral ac voltage. Since the direct 
current I^ cannot reverse direction because of the unidirectional 
property of the valves, negative voltage in conjunction with positive 
current I^ represents reversed power flow; that is, conversion from dc 
power to ac power instead of from ac to dc. Thus, for a firing angle 
between 0 and 90° the bridge acts as a rectifier, and for a firing angle 
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Figure 12. Effect of overlap angle u on the number of valves conducting 
simultaneously 
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between 90° and 180° it acts as an inverter. The variation of instan­
taneous direct voltage and the angle difference between the fundamental 
line current and the line-to-neutral source voltage due to changes in 
the delay angle are shown in Figures 13 and 14, respectively. The 
cosine of this angle is called the displacement factor. 
In order to find the magnitudes and angles of ac network side 
harmonic currents, the formulas in reference [36] are used. The 
formulas used here are valid only for characteristic harmonic orders 
and overlap angles not exceeding 60°. The expression for the complex 
rms value of the line current with the phase referred to the respective 
line-to-neutral voltage as a function of delay angle a, overlap angle 
u, converter pulse number p, harmonic order h, and direct current 
is 
Ih'ShïïVf) (5.6) 
where 
D = Cos a. - Cos(a+u) (5.7) 
1 |-(h-l)ot - 1 |-(h-l)((x+u) 
F = 
h+1 
1 |-(h-l)a - 1|-(h-l)Ca+u) 
(5.8) 
h-1 
The order of the harmonics is determined from the pulse number of the 
converter by equation (5.5). The angle of F in equation (5.8) 
corresponding to a positive-sequence harmonic order should be used as 
calculated, but the angle corresponding to a negative-sequence harmonic 
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Figure 13. Instantaneous direct (shown by heavy line) voltage of bridge 
converter with delay angle a but no overlap 
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fundamental line current and line-to-neutral source voltage 
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order must be the conjugate of the angle calculated in equation (5.8). 
The signs associated with the different harmonic orders in equations 
(5.1) and (5.3) should still be considered. 
The value of direct current may be calculated from the rated power 
of the converter and the direct voltage 
where 
= rated power of the converter, and 
= total rated dc voltage from one pole of the dc line to the 
other pole. 
The value of may now be determined. However, this value is in 
amperes and must be converted to a per unit quantity. The base KVA and 
base voltage on the ac network side were chosen to set a base current 
for all harmonic currents. From reference [36] 
'dO=^®LL <5.10) 
where 
V^Q = ideal no load dc voltage, and 
= rms line-to-line voltage at the converter. 
Also from reference [36] 
Vj = 2^ [Cos(a) + Cos(a+u)] ^  (5.11) 
where 
V , = dc operating voltage for some oc and u. 
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The overlap angle is a characteristic of the valve and may be considered 
constant. If a in equation (5.11) is set to the value needed to get 
rated dc voltage, then 
V,„ 
Vdc = "Y" [Cos(a^) + Cos(a^+u)] (5.12) 
where 
= delay angle at the rated dc voltage and power. 
Combining equations (5.10) and (5.12) 
^LL = (p) ^dc 3[Cos(cx^)'^ Cos(a^+u)] (5.13) 
The value of Eyy in equation (5.13) is the base ac voltage at the 
converter. Therefore, the value of in equation (5.6) can be 
expressed in per unit. 
^LL 
lu = Ih (5.14) 
b 
T ^dc x q  
" ^ ^^p/ 3[Cos(a^) + Cos(a^+u)] 
where 
I = I, in per unit, and 
u h 
= three-phase base KVA. 
Combining equations (5.6), (5.9), and (5.15), the final expression of 
I in terms of known quantities is 
u 
Pdc? 
^u -  SyhD[Cos(a^) + Cos(a^+u)] ' (5.16) 
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The digital program also allows the use of the converter operating 
power rather than the rated power. In this case, the sequence of equa­
tions will be 
P, 
Id = V" (5.17) 
° ^d 
V, 
= 2— [Cos(a) + Cos((x+u)](-|-) (5.18) 
\l - (p) ^d 3[Cos(«) + Cos(cx+u)] (5.19) 
PjF 
^u S^hD[Cos(a) + Cos(a+u)] (5.20) 
where 
= operating power of converter, and 
a = converter.operating delay angle. 
In either case, D and F are found from equations (5.7) and (5.8) at the 
operating conditions. 
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VI. APPLICATION OF IHE DIGITAL PROGRAM 
A. System Studied 
Some parts of the Iowa Power and Light Cqmpany feeder FS201 located 
in south Des Moines were selected and studied using the digital program. 
The three-phase portion of this feeder is operating at 13.8 KV and the 
total load on this feeder is 6,651 KW and 1,348.5 KVAR. The system 
under study is shovm in Figure 15. The data for this system is given 
in Tables 5 through 10. Parts of the feeder extending beyond node 61 
were not considered in this study. They were accounted for by a lumped 
load at bus 61 equal to the total load on those parts of the feeder not 
considered here. A 12-pulse 1,250 KW converter operating at a delay 
angle of 5° and an overlap angle of 15° was placed at bus 61. There 
are two three-phase capacitor banks at busses 37 and 56 having sizes 
598.30 KVAR and 593.60 KVAR, respectively. 
The phase connections of the single-phase branches was not known, 
nor was the loading along the single-phase branches. System loading 
data was available only for the three-phase portion of the feeder. The 
loads were divided among phases a, b, and c in such a way that the total 
loading was approximately the same on each phase. Then the loads were 
distributed along the single-phase branches. 
B. Variations in the Converter Size and Location 
and in the Highest Harmonic Order Considered 
The base system is the system described above, including the 
capacitor banks at buses 37 and 56, the 12-pulse converter at bus 61, 
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Table 5. Line data for the system under study 
Phasing Length Phasing Length 
Nodes A B C (feet) Nodes A B C N (feet) 
23-24 1 1 1 1 3592.21 42-43 0 1 0 1 650.00 
24-25 1 1 1 1 1901.00 42-44 0 1 0 1 375.00 
25-26 1 0 0 1 537.50 44-45 0 1 0 1 275.00 
26-27 1 0 0 1 162.50 44-46 0 1 0 1 575.00 
26-28 1 0 0 1 750.00 44-47 0 1 0 1 250.00 
25-29 1 1 1 1 385.70 47-48 0 1 0 1 675.00 
29-30 1 1 1 1 390.04 47-49 0 1 0 1 475.00 
30-31 1 1 1 1 680.74 49-50 0 1 0 1 150.00 
31-32 0 1 0 1 437.50 49-51 0 1 0 1 150.00 
32-33 0 1 0 1 450.00 47-52 0 1 0 1 375.00 
32-34 0 1 0 1 825.00 52-53 0 1 0 1 275.00 
34-35 0 1 0 1 162.50 52-54 0 1 0 1 75.00 
34-36 0 1 0 1 750.00 52-55 0 1 0 1 675.00 
31-37 1 1 1 1 1128.90 41-56 1 1 1 1 603.70 
37-38 0 0 1 1 1125.00 56-57 1 1 1 1 631.50 
37-39 1 1 1 1 374.80 57-58 0 0 1 1 325.00 
39-40 0 1 0 1 1125.00 58-59 0 0 1 1 300.00 
30-41 1 1 1 1 759.96 57-60 1 1 1 1 319.00 
41-42 0 1 0 1 662.50 60-61 1 1 1 1 390.45 
^A one under A, B, C, or N indicates existence of phase conductor 
A, B, C, or neutral conductor, respectively. 
Table 6. Line data continued 
Phase Phase Phase Neutral Neutral Neutral 
conductor conductor conductor conductor conductor conductor 
de resistance GMR diameter de resistance GMR diameter 
(ohm/mile) (feet) (inches) (ohm/mile) (feet) (inches) 
Three-Phase 
Lines 0.306000 0.024400 0.721000 0.485000 0.008140 0.56300 
Single-Phase 
Lines 0.973000 0.011130 0.368000 0.974000 0.004460 0.398000 
Table 7. Line data continued 
A-B® A-C B-C A-N B-N C-N A-G B-G C-G- N-G 
Three-Phase 
Lines 3.68 3.68 7.33 10.13 10.47 10.47 34.63 34.31 34.31 24.50 
Single-Phase 
Lines — — — 6.50 6.50 6.50 34.63 34.63 34.63 28.13 
^All line spacings are in feet. 
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Table 8. Distribution substation transformer data 
Series Series Shunt Shunt 
resistance reactance resistance reactance 
(%) (%) (%) (%) 
0.024901 0.608889 3977.724741 610.945934 
^Resistances and reactances are on a 1,000 KVA base. 
Table 9. Load data for the system under study 
Node A B KW KVAR 
24 0 0 1 120.60 69.00 
25 1 0 0 99.15 56.85 
26 1 0 0 99.15 56.85 
27 1 0 0 99.15 56.85 
28 1 0 0 99.15 56.85 
29 1 0 0 9.60 5.40 
30 1 0 0 15.00 9.00 
31 0 1 0 35.90 20.60 
32 0 1 0 35.90 20.60 
33 0 1 0 35.90 20.60 
34 0 1 0 35.90 20.60 
35 0 1 0 35.90 20.60 
36 0 1 0 35.90 20.60 
37 0 0 1 59.10 33.90 
38 0 0 1 59.10 33.90 
39 0 1 0 39.30 22.50 
40 0 1 0 39.30 22.50 
41 0 1 0 5.84 3.36 
42 0 1 0 5.84 3.36 
^A one under A, B, or C indicates phase A, B, or C load. 
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Table 9. Continued 
Node A B KW KVAR 
43 0 10 5.84 3.36 
44 0 10 5.84 3.36 
45 0 1 0 5.84 3.36 
46 0 10 5.84 3.36 
47 0 1 0 5.84 3.36 
48 0 1 0 5.84 3.36 
49 0 1 0 5.84 3.36 
50 0 10 5.84 3.36 
51 0 1 0 5.84 3.36 
52 0 1 0 5.84 3.36 
53 0 1 0 5.84 3.36 
54 0 1 0 5.84 3.36 
55 0 10 5.84 3.36 
56 0 0 1 151.80 87.00 
57 0 0 1 12.80 7.40 
58 0 0 1 12.80 7.40 
59 0 0 1 12.80 7.40 
60 0 1 0 46.80 27.00 
61 1 1 1 5196.80 1539.80 
Table 10. Transmission system short-circuit equivalent data 
Positive/negative Positive/negative 
sequence Zero sequence sequence Zero sequence 
resistance resistance reactance reactance 
(%) (%) (%) (%) 
0.005760 0.014430 0.032520 0.058040 
^Resistances and reactances are on a 1,000 KVA base. 
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loads as given in Table 9 with real power divided equally between shunt 
resistance and motor load and the feeder transformer represented by only 
series reactance. Appendix A gives the input file for this base system. 
The highest harmonic order to be studied is specified to be the 25th 
order. Appendix B lists the results of the computer run. The voltage 
distortion factors for the base case are copied from Appendix B to Table 
11 for easier reference. The voltage distortion factors are substan­
tially below the 5% limit set by IEEE. It is interesting to note that 
for some harmonic orders the magnitudes of harmonic current flows exceed 
the value of the harmonic current injected by the converter. This 
amplification is 1.74 and 1.65 times the injected currents for harmonic 
orders 7 and 11, respectively. 
In order to investigate the effects of higher harmonic orders, the 
highest harmonic order to be included in the analysis was increased to 
the 49th harmonic. The voltage distortion factors for this case are 
shown in Table 12. Since the accuracy of the results decreases as the 
harmonic order increases due to imprecise component models at higher 
frequencies [49] and since the comparison of the factors in Table 12 
with those in Table 11 shows no significant change, the highest harmonic 
order considered in all the studies from now on will be the 25th 
harmonic order. 
Next, the converter was moved to bus 29. Magnitudes of the har­
monic current flows in all the lines located on the side of bus 29 which 
is further away from the feeder transformer were decreased, while the 
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Table 11. Voltage distortion factors; highest harmonic order considered 
is 25th (%) 
Voltage distortion factor 
number Phase A Phase B Phase C 
22 0.051736 0.047243 0.054874 
23 1.070697 0.945143 1.020581 
24 1.478424 1.343669 1.452616 
25 1.694302 1.554156 1.682316 
26 1.691070 0.000000 0.000000 
27 1.690743 0.000000 0.000000 
28 1.689571 0.000000 0.000000 
29 1.740312 1.597281 1.727482 
30 1.786860 1.640902 1.773139 
31 1.859808 1.710712 1.848722 
32 0.000000 1.709138 0.000000 
33 0.000000 1.708810 0.000000 
34 0.000000 1.707357 0.000000 
35 0.000000 1.707238 0.000000 
36 0.000000 1.706816 0.000000 
37 1.978778 1.830769 1.975332 
38 0.000000 0.000000 1.973785 
39 1.979003 1.830417 1.975259 
40 0.000000 1.829472 0.000000 
41 1.796398 1.648327 1.777939 
42 0.000000 1.647398 0.000000 
43 0.000000 1.647331 0.000000 
44 0.000000 1.646941 0.000000 
45 0.000000 1.646911 0.000000 
46 0.000000 1.646882 0.000000 
47 0.000000 1.646712 0.000000 
48 0.000000 1.646644 0.000000 
49 0.000000 1.646558 0.000000 
50 0.000000 1.646541 0.000000 
51 0.000000 1.646541 0.000000 
52 0.000000 1.646558 0.000000 
53 0.000000 1.646527 0.000000 
54 0.000000 1.646549 0.000000 
55 0.000000 1.646489 0.000000 
56 1.803627 1.655205 1.782157 
57 1.753192 1.602997 1.724164 
58 0.000000 0.000000 1.723999 
59 0.000000 0.000000 1.723921 
60 1.727923 1.576791 1.695226 
61 1.697103 1.545065 1.660025 
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Table 12. Voltage distortion factors; highest harmonic order considered 
is 49th (%) 
Voltage distortion factor 
number Phase A Phase B Phase C 
22 0.051738 0.047247 0.054877 
23 1.070740 0.945206 1.020659 
24 1.478482 1.343758 1.452722 
25 1.694368 1.554258 1.682438 
26 1.691136 0.000000 0.000000 
27 1.690809 0.000000 0.000000 
28 1.689637 0.000000 0.000000 
29 1.740380 1.597386 1.727606 
30 1.786930 1.641009 1.773266 
31 1.860368 1.712000 1.849583 
32 0.000000 1.710424 0.000000 
33 0.000000 1.710096 0.000000 
34 0.000000 1.708640 0.000000 
35 0.000000 1.708521 0.000000 
36 0.000000 1.708099 0.000000 
37 1.981591 1.841209 1.982099 
38 0.000000 0.000000 1.980541 
39 1.981816 1.840854 1.982029 
40 0.000000 1.839899 0.000000 
41 1.796795 1.651515 1.780122 
42 0.000000 1.650586 0.000000 
43 0.000000 1.650520 0.000000 
44 0.000000 1.650130 0.000000 
45 0.000000 1.650099 0.000000 
46 0,000000 1.650070 0.000000 
47 0.000000 1.649900 0.000000 
48 0.000000 1.649832 0.000000 
49 0.000000 1.649746 0.000000 
50 0.000000 1.649729 0.000000 
51 0.000000 1.649729 0.000000 
52 0.000000 1.649745 0.000000 
53 0.000000 1.649715 0.000000 
54 0.000000 1.649737 0.000000 
55 0.000000 1.649677 0.000000 
56 1.804946 1.664154 1.788149 
57 1.754958 1.613120 1.730853 
58 0.000000 0.000000 1.730686 
59 0.000000 0.000000 1.730608 
60 1.729982 1.587580 1.702331 
61 1.699585 1.556741 1.667702 
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magnitudes of the current flows in the lines closer to the feeder trans­
former were increased slightly. It can be concluded that in the system 
chosen the impedances of the feeder transformer and short-circuit 
equivalent of the transmission system are small compared to the 
impedances of distribution lines and loads, thus most of the harmonic 
injected current flows towards the feeder transformer. To pursue this 
matter further, the same converter was placed at bus 23. As expected, 
the magnitudes of the harmonic current flows were decreased compared 
to the base case. 
The size of the converter at bus 61 was increased to 2,000 KW. 
The voltage distortion factors, listed in Table 13, increased 
approximately 60% over the base case, but they are still well below the 
5% limit. It is interesting to note that a change in the size of the 
converter causes approximately the same change in the voltage distortion 
factors; i.e., in this case, 60% increase in converter size caused a 
60% increase in voltage distortion factors. 
C. Variations in Capacitor Bank Sizes and Locations 
First, both the capacitor banks were removed while everything else 
was kept the same as the base case. The results indicate no 
amplification of the injected current as was observed in the base case. 
This and the fact that the voltage distortion factors, given in Table 
14, decreased when the capacitor banks were removed emphasize the need 
for harmonic analysis when one or more capacitor banks are to be added 
to the system. 
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Table 13. Voltage distortion factors; converter size is 2,000 KW (%) 
Voltage distortion factor 
Bus number Phase A Phase B Phase C 
22 0.082778 0.075589 ' 0.087799 
23 1.713115 1.512229 1.632930 
24 2.365478 2.149871 2.324185 
25 2.710884 2.486649 2.691705 
26 2.705712 O.OOOOOO 0.000000 
27 2.705190 0.000000 0.000000 
28 2.703314 O.OOOOOO 0.000000 
29 2.784499 2.555649 2.763971 
30 2.858976 2.625443 2.837022 
31 2.975693 2.737139 2.957955 
32 0.000000 2.734621 0.000000 
33 0.000000 2.734096 0.000000 
34 0.000000 2.731771 0.000000 
35 0.000000 2.731581 0.000000 
36 0.000000 2.730906 0.000000 
37 3.166046 2.929230 3.160531 
38 0.000000 O.OOOOOO 3.158055 
39 3.166404 2.928668 3.160415 
40 0.000000 2.927156 0.000000 
41 2.874236 2.637323 2.844702 
42 0.000000 2.635837 0.000000 
43 0.000000 2.635730 0.000000 
44 0.000000 2.635106 0.000000 
45 0.000000 2.635058 0.000000 
46 0.000000 2.635011 0.000000 
47 0.000000 2.634739 0.000000 
48 0.000000 2.634630 0.000000 
49 0.000000 2.634493 0.000000 
50 0.000000 2.634466 0.000000 
51 0.000000 2.634466 0.000000 
52 0.000000 2.634492 0.000000 
53 0.000000 2.634444 0.000000 
54 0.000000 2.634478 0.000000 
55 0.000000 2.634382 0.000000 
56 2.885803 2.648329 2.851451 
57 2.805108 2.564796 2.758663 
58 0.000000 0.000000 2.758398 
59 0.000000 0.000000 2.758274 
60 2.764677 2.522866 2.712362 
61 2.715364 2.472105 2.656041 
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Table 14. Voltage distortion factors; capacitor banks are removed (%) 
Voltage distortion factor 
Bus number Phase A Phase B Phase C 
22 0.031817 0.031554 • 0.032139 
23 0.629821 0.621003 0.632854 
24 0.874797 0.880231 0.901327 
25 1.004294 1.017313 1.044148 
26 1.002317 0.000000 0.000000 
27 1.002117 0.000000 0.000000 
28 1.001400 0.000000 0.000000 
29 1.031922 1.044925 1.072727 
30 1.059875 1.072848 1.101625 
31 1.060489 1.071189 1.101341 
32 0.000000 1.070177 0.000000 
33 0.000000 1.069966 0.000000 
34 0.000000 1.069032 0.000000 
35 0.000000 1.068956 0.000000 
36 0.000000 1.068685 0.000000 
37 1.060818 1.070822 1.100463 
38 0.000000 0.000000 1.099577 
39 1.060879 1.070612 1.100498 
40 0.000000 1.070046 0.000000 
41 1.113683 1.129099 1.158222 
42 0.000000 1.128463 0.000000 
43 0.000000 1.128417 0.000000 
44 0.000000 1.128149 0.000000 
45 0.000000 1.128128 0.000000 
46 0.000000 1.128108 0.000000 
47 0.000000 1.127991 0.000000 
48 0.000000 1.127944 0.000000 
49 0.000000 1.127884 0.000000 
50 0.000000 1.127872 0.000000 
51 0.000000 1.127872 0.000000 
52 0.000000 1.127885 0.000000 
53 0.000000 1.127864 0.000000 
54 0.000000 1.127879 0.000000 
55 0.000000 1.127838 0.000000 
56 1.156276 1.174285 1.203097 
57 1.200770 1.221450 1.250441 
58 0.000000 0.000000 1.250318 
59 0.000000 0.000000 1.250260 
60 1.223228 1.245243 1.274473 
61 1.250690 1.274446 1.303871 
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Next, the capacitor bank at bus 37 was added. The results show 
that the magnitudes of the 13th harmonic currents flowing in the 
capacitor bank and in the nearly three-phase lines are about 2.5 times 
the injected harmonic current, indicating a resonance condition around 
the 13th harmonic order due to the existence of capacitor bank at bus 
37. Node 56 experiences a resonance condition around the 13th harmonic 
when only the capacitor bank at bus 56 is included. 
To analyze the effects of capacitor bank sizes, studies were done 
in vviiich both the capacitor bank sizes were reduced to 300 KVAR and then 
increased to 900 KVAR. Tables 14, 15, and 16 give the voltage 
distortion factors for the case with no capacitor banks, 300 KVAR 
capacitor banks, and 900 KVAR capacitor banks, respectively. Table 11 
gives the voltage distortion factors for the base case in which the 
capacitor bank sizes are close to 600 KVAR. Except for the case with 
no capacitor banks, the amplification of the injected harmonic currents 
is apparent. As the size of the capacitor banks increased from 300 to 
600 and finally to 900 KVAR, the voltage distortion factors decreased. 
The voltage distortion factors for the case with no capacitor banks are 
slightly smaller than those for the case with 600 KVAR capacitor banks. 
It follows that when one or more capacitor banks are to be added to the 
system, no certain anticipation can be made on the effects that the 
capacitors might have on the voltage distortion factors. 
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Table 15. Voltage distortion factors; capacitor banks sizes are 300 
KVAR (%) 
Voltage distortion factor 
number Phase A Phase B Phase C 
22 0.074358 0.075000 0.075432 
23 1.458878 1.462637 1.512204 
24 2.018310 2.073032 2.164683 
25 2.314008 2.395702 2.511797 
26 2.309511 0.000000 0.000000 
27 2.309056 0.000000 0.000000 
28 2.307426 0.000000 0.000000 
29 2.377085 2.460282 2.581631 
30 2.440900 2.525579 2.652246 
31 2.496178 2.580790 2.714720 
32 0.000000 2.578377 0.000000 
33 0.000000 2.577874 0.000000 
34 0.000000 2.575647 0.000000 
35 0.000000 2.575464 0.000000 
36 0.000000 2.574818 0.000000 
37 2.587202 2.678232 2.817283 
38 0.000000 0.000000 2.815049 
39 2.587273 2.677711 2.817406 
40 0.000000 2.676308 0.000000 
41 2.503703 2.591261 2.720161 
42 0.000000 2.589801 0.000000 
43 0.000000 2.589696 0.000000 
44 0.000000 2.589082 0.000000 
45 0.000000 2.589034 0.000000 
46 0.000000 2.588988 0.000000 
47 0.000000 2.588721 0.000000 
48 0.000000 2.588613 0.000000 
49 0.000000 2.588476 0.000000 
50 0.000000 2.588449 0.000000 
51 0.000000 2.588449 0.000000 
52 0.000000 2.588477 0.000000 
53 0.000000 2.588429 0.000000 
54 0.000000 2.588463 0.000000 
55 0.000000 2.588369 0.000000 
56 2.553493 2.644683 2.773917 
57 2.556557 2.646430 2.774305 
58 0.000000 0.000000 2.774035 
59 0.000000 0.000000 2.773909 
60 2.558143 2.647364 2.774846 
61 2.560136 2.648771 2.775555 
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Table 16. Voltage distortion factors; capacitor banks sizes are 900 
KVAR (%) 
Voltage distortion factor 
number Phase A Phase B Phase C 
22 0.027295 0.025463 0.027059 
23 0.539833 0.519339 0.515428 
24 0.747824 0.739517 0.734190 
25 0.857900 0.855908 0.850553 
26 0.856281 0.000000 0.000000 
27 0.856117 0.000000 0.000000 
28 0.855530 0.000000 0.000000 
29 0.881340 0.879519 0.873659 
30 0.905055 0.903398 0.897019 
31 0.958371 0.956389 0.951681 
32 0.000000 0.955518 0.000000 
33 0.000000 0.955337 0.000000 
34 0.000000 0.954534 0.000000 
35 0.000000 0.954468 0.000000 
36 0.000000 0.954235 0.000000 
37 1.047075 1.048374 1.044258 
38 0.000000 0.000000 1.043444 
39 1.047165 1.048174 1.044255 
40 0.000000 1.047637 0.000000 
41 0.892565 0.892086 0.882715 
42 0.000000 0.891581 0.000000 
43 0.000000 0.891545 0.000000 
44 0.000000 0.891333 0.000000 
45 0.000000 0.891317 0.000000 
46 0.000000 0.891301 0.000000 
47 0.000000 0.891209 0.000000 
48 0.000000 0.891171 0.000000 
49 0.000000 0.891126 0.000000 
50 0.000000 0.891117 0.000000 
51 0.000000 0.891117 0.000000 
52 0.000000 0.891125 0.000000 
53 0.000000 0.891109 0.000000 
54 0.000000 0.891120 0.000000 
55 0.000000 0.891088 0.000000 
56 0.883096 0.884532 0.872346 
57 0.836504 0.838083 0.822929 
58 0.000000 0.000000 0.822851 
59 0.000000 0.000000 0.822815 
60 0.813616 0.815463 0.798847 
61 0.786243 0.788720 0.770204 
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D. Variations in Load Representation 
The magnetization branch in the induction motor model is sometimes 
ignored in harmonic studies. To investigate the effects of the induc­
tion motor magnetization branch, the base case was repeated without 
including the magnetization branch of induction motor in the load model. 
The voltage distortion factors, Table 17, and the load currents were 
decreased. For some harmonic orders, the current flow in the lines were 
increased by up to 35%, while for other harmonic orders they were 
decreased slightly compared to the base case. 
The real power share of the resistive branch in the load model was 
decreased to 30% and then increased to 70% of the total load real power. 
Tables 18 and 19 give the voltage distortion factors for the above two 
cases, respectively. By comparing the voltage distortion factors in 
Table 18, Table 11, and Table 19, it can be concluded that as the 
resistive percentage of the load increases the voltage distortion 
factors are decreased. 
E. Comparison Between the Analysis of the Multi-Phase 
System and the Analysis of the Single-Phase 
Equivalent to the Three-Phase Portion of the Same System 
In order to be able to use the Iowa State University harmonic 
analysis program as a tool for this comparison, some changes had to be 
made in the base system. The base voltage was changed, the converter 
firing and overlap angles were set to zero, and the noncharacteristic 
harmonic orders were assumed to be canceled completely. Table 20 gives 
the voltage distortion factors for the three-phase nodes resulting from 
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Table 17. Voltage distortion factors; induction motor magnetization 
branch is not included in the load model (%) 
Voltage distortion factor 
number Phase A Phase B Phase C 
22 0.046059 0.042171 0.047896 
23 0.942642 0.848901 0.894606 
24 1.303713 1.206123 1.273224 
25 1.495003 1.394955 1.473871 
26 1.493939 0.000000 0.000000 
27 1.493831 0.000000 0.000000 
28 1.493447 0.000000 0.000000 
29 1.534445 1.433789 1.513727 
30 1.574336 1.473068 1.554020 
31 1.637929 1.536229 1.620294 
32 0.000000 1.535720 0.000000 
33 0.000000 1.535612 0.000000 
34 0.000000 1.535143 0.000000 
35 0.000000 1.535103 0.000000 
36 0.000000 1.534967 0.000000 
37 1.742344 1.642630 1.731613 
38 0.000000 0.000000 1.731120 
39 1.742480 1.642539 1.731535 
40 0.000000 1.642237 0.000000 
41 1.581320 1.479497 1.558846 
42 0.000000 1.479261 0.000000 
43 0.000000 1.479244 0.000000 
44 0.000000 1.479142 0.000000 
45 0.000000 1.479132 0.000000 
46 0.000000 1.479125 0.000000 
47 0.000000 1.479081 0.000000 
48 0.000000 1.479063 0.000000 
49 0.000000 1.479035 0.000000 
50 0.000000 1.479029 0.000000 
51 0.000000 1.479029 0.000000 
52 0.000000 1.479039 0.000000 
53 0.000000 1.479030 0.000000 
54 0.000000 1.479036 0.000000 
55 0.000000 1.479021 0.000000 
56 1.586746 1.485026 1.563140 
57 1.541828 1.438979 1.513382 
58 0.000000 0.000000 1.513331 
59 0.000000 0.000000 1.513306 
60 1.519385 1.415957 1.488534 
61 1.492075 1.388097 1.458386 
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Table 18. Voltage distortion factors; resistive percentage of the load 
is 30% (%) 
Voltage distortion factor 
number Phase A Phase B Phase C 
22 0.067610 0.059781 0.072474 
23 1.417839 1.207276 1.320925 
24 1.956543 1.717301 1.877156 
25 2.241456 1.986833 2.173310 
26 2.236114 0.000000 0.000000 
27 2.235573 0.000000 0.000000 
28 2.233633 0.000000 0.000000 
29 2.303057 2.041604 2.231580 
30 2.365384 2.096999 2.290483 
31 2.460328 2.184248 2.386379 
32 0.000000 2.181726 0.000000 
33 0.000000 2.181201 0.000000 
34 0.000000 2.178871 0.000000 
35 0.000000 2.178680 0.000000 
36 0.000000 2.178004 0.000000 
37 2.615260 2.335671 2.546288 
38 0.000000 0.000000 2.543784 
39 2.615530 2.335078 2.546244 
40 0.000000 2.333561 0.000000 
41 2.381112 2.107842 2.298344 
42 0.000000 2.106312 0.000000 
43 0.000000 2.106202 0.000000 
44 0.000000 2.105561 0.000000 
45 0.000000 2.105512 0.000000 
46 0.000000 2.105464 0.000000 
47 0.000000 2.105184 0.000000 
48 0.000000 2.105072 0.000000 
49 0.000000 2.104934 0,000000 
50 0.000000 2.104907 0.000000 
51 0.000000 2.104907 0.000000 
52 0.000000 2.104931 0.000000 
53 0.000000 2.104882 0.000000 
54 0.000000 2.104917 0.000000 
55 0.000000 2.104818 0.000000 
56 2.393126 2.117921 2.304888 
57 2.329168 2.052519 2.231970 
58 0.000000 0.000000 2.231700 
59 0.000000 0.000000 2.231574 
60 2.297001 2.019609 2.195570 
61 2.257696 1.979716 2.151192 
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Table 19. Voltage distortion factors; resistive percentage of the load 
is 70% (%) 
Voltage distortion factor 
number Phase A Phase B Phase C 
22 0.043510 0.040449 0.045915 
23 0.894258 0.804220 0.864177 
24 1.235409 1.142582 1.231379 
25 1.416186 1.321217 1.426431 
26 1.413896 0.000000 0.000000 
27 1.413666 0.000000 0.000000 
28 1.412838 0.000000 0.000000 
29 1.454357 1.358012 1.464728 
30 1.492976 1.395232 1.503441 
31 1.554610 1.455283 1.568177 
32 0.000000 1.454153 0.000000 
33 0.000000 1.453919 0.000000 
34 0.000000 1.452877 0.000000 
35 0.000000 1.452792 0.000000 
36 0.000000 1.452490 0.000000 
37 1.655088 1.558014 1.677009 
38 0.000000 0.000000 1.675902 
39 1.655289 1.557777 1.676923 
40 0.000000 1.557102 0.000000 
41 1.499709 1.401127 1.506868 
42 0.000000 1.400477 0.000000 
43 0.000000 1.400430 0.000000 
44 0.000000 1.400157 0.000000 
45 0.000000 1.400136 0.000000 
46 0.000000 1.400115 0.000000 
47 0.000000 1.399997 0.000000 
48 0.000000 1.399949 0.000000 
49 0.000000 1.399887 0.000000 
50 0.000000 1.399875 0.000000 
51 0.000000 1.399875 0.000000 
52 0.000000 1.399888 0.000000 
53 0.000000 1.399867 0.000000 
54 0.000000 1.399882 0.000000 
55 0.000000 1.399840 0.000000 
56 1.504786 1.406576 1.510056 
57 1.461642 1.361964 1.460259 
58 0.000000 0.000000 1.460142 
59 0.000000 0.000000 1.460086 
60 1.440094 1.339624 1.435435 
61 1.413856 1.312621 1.405300 
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Table 20. Voltage distortion factors; three-phase busses of the multi­
phase system (%) 
Voltage distortion factor 
Bus number Phase A Phase B Phase C 
22 0.058346 0.052548 0.061018 
23 1.200589 1.063811 1.128829 
24 1.760087 1.612444 1.712983 
25 2.056264 1.902269 2.023724 
29 2.119687 1.961436 2.084826 
30 2.183861 2.021283 2.146595 
31 2.308631 2,146716 2.278677 
37 2.516983 2.370087 2.507849 
39 2.517287 2.369511 2.507786 
41 2.172681 2.004112 2.125453 
56 2.165438 1.996510 2.113634 
57 2.071432 1.901540 2.011933 
60 2.025660 1.855770 1.962892 
61 1.971237 1.802240 1.905029 
the multi-phase analysis of the system. The results from the single-
phase analysis of the equivalent system are shown in Table 21, The 
factors in Table 21 are at least 4% and at most 22% higher than the 
corresponding ones in Table 20. 
F. Analysis of a Loop-Type Distribution System 
In order to investigate the effects that closing a loop might have 
on the system, parts of a nearby feeder were used to generate a loop 
in the base system (Figure 16). Besides this, no other changes were 
made in the base system. The voltage distortion factors for this case 
are shown in Table 22. Even though most of the voltage distortion 
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Figure 16. Loop-type distribution system 
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Table 21. Voltage distortion factors resulting from analysis of single-
phase equivalent system (%) 
Bus number Voltage distortion factor 
22 0.660480 
23 1.302561 
24 1.864889 
25 2.163432 
29 2.222128 
30 2.280826 
31 2.394421 
37 2.583438 
39 2.583274 
41 2.278783 
56 2.279456 
57 2.196443 
60 2.156409 
61 2.111084 
Table 22. Voltage distortion factors; loop-type distribution system (%) 
Voltage distortion factor 
Bus number Phase A Phase B Phase C 
22 0.051999 0.047573 0.054999 
23 1.074140 0.952109 1.024225 
24 1.483609 1.353503 1.457667 
25 1.700406 1.565512 1.688119 
26 1.697161 0.000000 0,000000 
27 1.696833 0.000000 0.000000 
28 1.695657 0.000000 0.000000 
29 1.746610 1.608940 1.733442 
30 1.793355 1.652868 1.779259 
31 1.846831 1.703049 1,832974 
32 0.000000 1.701482 0.000000 
33 0.000000 1.701156 0.000000 
34 0.000000 1.699710 0.000000 
35 0.000000 1.699591 0.000000 
36 0.000000 1.699171 0.000000 
37 1.933219 1.790057 1.922904 
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Table 22. Continued 
Voltage distortion factor 
number Phase A Phase B Phase C 
38 0.000000 0.000000 1.921399 
39 1.923682 1.779770 1.911950 
40 0.000000 1.778853 0.000000 
41 1.824827 1.682506 1.808540 
42 0.000000 1.681557 0.000000 
43 0.000000 1.681490 0.000000 
44 0.000000 1.681091 0.000000 
45 0.000000 1.681061 0.000000 
46 0.000000 1.681031 0.000000 
47 0.000000 1.680857 0.000000 
48 0.000000 1.680787 0.000000 
49 0.000000 1.680700 0.000000 
50 0.000000 1.680683 0.000000 
51 0.000000 1.680683 0.000000 
52 0.000000 1.680700 0.000000 
53 0.000000 1.680669 0.000000 
54 0.000000 1.680691 0.000000 
55 0.000000 1.680630 0.000000 
56 1.849327 1.706826 1.832023 
57 1.814701 1.670496 1.791836 
58 0.000000 0.000000 1.791664 
59 0.000000 0.000000 1.791583 
60 1.797317 1.652163 1.771787 
61 1.776048 1.629933 1.747352 
62 1.795357 1.649455 1.768876 
63 1.812072 1.666374 1.787510 
64 1.824489 1.678954 1.801353 
65 1.845174 1.699933 1.824416 
66 1.853588 1.708472 1.833796 
67 1.880807 1.736128 1.864144 
68 1.895085 1.750651 1.880064 
69 1.903529 1.759245 1.889479 
70 1.912627 1.768509 1.899624 
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factors have increased slightly compared to the base case, the node 
voltages and the current flows do not follow any uniform trend for all 
the harmonic orders; i.e., for any harmonic order some node voltages 
and current flows have increased while other node voltages and current 
flows have decreased. The impedance of the lines which have been added 
to the base system in order to create a loop has caused more severe 
resonance conditions for some harmonic orders and less severe resonance 
conditions for the other harmonic orders. The overall effects of the 
more severe resonance conditions seem to dominate, and this is the 
reason for a slight increase in most of the voltage distortion factors. 
G. Single-Phase Harmonic Sources 
Table 23 gives typical harmonic current magnitudes for a single-
phase arcing device in percent of the fundamental current magnitude. 
These values are typical of such arcing devices as arc furnace loads, 
fluorescent lights, and arc welders [50]. 
Seventeen single-phase 60-Hz, 208-volt, 115-amp, 21.8-KlV, 23.9-KVA 
arc welders were placed in different locations in the base system. The 
total load of this kind adds up to 370.6 KW which is 5.57% of the total 
load on the feeder. The harmonic current magnitudes for this arc welder 
were computed using the larger percentages given in Table 23. The input 
data and the output results for this case are presented in Appendices 
C and D, respectively. Even though the voltage distortion factors are 
all less than 1%, they are still significant because they are caused 
by single-phase harmonic sources. 
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Table 23. Typical harmonic currents for a single-phase arcing device 
Harmonic Percent of fundamental 
3 15.0-25.0 
5 4.0-6.0 
7 1.0-3.0 
9 0.5-2.0 
H. Discussion of Results 
From the results of the system studied, it appears that harmonic 
current flows in the system elements can exceed the harmonic injected 
current. It was discovered that the main reason for this amplification 
of the injected current was the resonant conditions due to capacitor 
banks in the system. 
The effects of harmonic orders above the 25th harmonic on the 
voltage distortion factors were found to be negligible. Because of this 
and the fact that the accuracy of the results decreases as the harmonic 
order increases due to imprecise component models at high frequencies, 
the harmonic orders above the 25th harmonic were not considered in any 
other studies. 
The size of the converter has direct effects on the level of the 
voltage distortion factors and the magnitude of the harmonic current 
flows. Moreover, the relative location of the converter to a particu­
lar line does affect the amount of the harmonic current flowing on that 
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line. However, greater distance from the converter does not always mean 
less current flow. The harmonic current flow in a capacitor bank and 
the nearby lines can always be greater than the injected harmonic 
current at resonant condition no matter where the capacitor bank is 
located relative to the converter. It was discovered that the 
impedances of the feeder transformer and the transmission system short-
circuit equivalent are smaller than the impedances of the feeder lines 
and loads. Thus, no matter where the source of harmonics was, most of 
the harmonic current flowed toward the feeder transformer from the 
closest path possible. 
Capacitor banks are major causes of resonant conditions. In the 
cases studied, capacitor banks, separately or together, caused some 
resonant conditions. In addition, when capacitor bank sizes were 
increased the voltage distortion factor dropped. However, this cannot 
be generalized for all systems. Any changes in the system related to 
capacitor banks, generally, can cause unexpected results. Therefore 
it is recommended to do a harmonic study in order to investigate the 
response of the system due to the change. 
System loading representation has effects on the voltage distortion 
factors, the load current flow, and the current that flows in the lines. 
When the magnetization shunt branch of the induction motor was not 
included in the load model, the voltage distortion factors and the load 
currents decreased. The line current flows, however, did not follow 
a uniform trend for all the harmonic orders; for some harmonic orders 
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they increased while for the other harmonic orders they decreased 
slightly. It was also observed that as the resistive percentage of the 
load increases the voltage distortion factors decrease. 
The voltage distortion factors resulting from the harmonic analysis 
of the single-phase equivalent of the three-phase portion of the base 
system using the Iowa State University harmonic analysis program were 
found to be 4 to 22% higher than the corresponding voltage distortion 
factors resulting from the multi-phase analysis of the base system. 
The difference in the voltage distortion factors could be due to the 
effects of the single-phase laterals, due to the different power system 
component modeling, or due to the single-phase versus full three-phase 
analysis. 
When a loop is closed, another path for the flow of current is 
generated. As a result of this, the voltage distortion factors are 
expected to decrease. However, this is not true all the time. The 
impedance of the new part in combination with the impedance of the 
existing part can change the severity of the resonant conditions. In 
the study which was done, most of the voltage distortion factors 
increased when the loop was closed due to the dominating effects of the 
more severe resonant conditions. 
In all the case studies performed, the level of voltage distortion 
factors were reasonably below the 5% limit set by IEEE. It can be con­
cluded that the distribution feeder considered in this study behaves 
very well when exposed to extreme harmonics, and no possible harmonic 
problem can be predicted for this feeder. 
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VII. CONCLUSIONS 
This dissertation presents the results of a computer program used 
as a tool for the harmonic analysis of multi-phase electric power dis­
tribution systems. In the program, the source of harmonics can be any 
number of multi-phase harmonic currents and/or voltages or up to 10 
three-phase converters. Frequency dependent models of ac network 
elements are assembled into a sparse admittance matrix. Then sparsity 
techniques are employed to determine the current flow in all elements 
and voltages at all busses throughout the system at any harmonic 
frequency up to 3 KHz. Voltage distortion factors that represent the 
overall effects of the harmonics on the system voltages are also 
calculated. 
From the results of studies done on the system described earlier, 
some conclusions can be made: 
1. Size and location of the converter had direct effects on the 
level of voltage distortion factors and the magnitude of 
harmonic current flows. However, the closer the network 
element to the converter did not guarantee a higher current 
flow in that element. 
2. Capacitor banks caused some resonant conditions resulting in 
the amplification of the injected harmonic currents. 
3. Excluding the magnetization shunt branch of the induction motor 
in the load model decreased the voltage distortion factors and 
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the load currents. The voltage distortion factors also 
decreased when the resistive percentage of the load increased. 
4. Analysis of the single-phase equivalent of the three-phase 
portion of the multi-phase system revealed an increase of 4 
to 22% in the voltage distortion factors compared to the multi­
phase analysis of the same system. 
5. When some parts of a nearby feeder were used to generate a loop 
in the base system, most of the voltage distortion factors 
increased due to the dominating effects of the more severe 
resonant conditions caused by the addition of the impedance 
of the added parts to impedance of the base system. 
6. It was discovered that the effects of single-phase harmonic 
sources on both the single-phase and the three-phase portions 
of the system can be serious enough that they should not be 
ignored in the harmonic analysis of multi-phase systems. 
When the new more efficient variable-speed air conditioners and 
the advanced heat pumps [51] come on the market, the effects of 
single-phase harmonic sources will be much more severe and most 
certainly will influence the transmission system too. 
It has been the intention of the author to extend this work so that 
the transmission systems can also be included in the harmonic analysis. 
For this reason, the digital program has been written in a way that with 
minor effort it can be modified to handle the transmission systems too. 
The tool presented in this study is unique in the sense that it 
can handle the multi-phase loop-type distribution systems as well as 
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the radial-type systems. This uniqueness is the factor for making it 
easy for this author or any other researcher to extend this work to also 
include the transmission systems in the harmonic analysis. 
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0.973000 0 .011130 0. ,368000 0. ,974000 0. 004460 
0.306000 o .024400 0, .721000 O, 485000 0 .008140 
0.973000 0 .011130 0. ,368000 0, 974000 0 .004460 
0.306000 0 .024400 0. ,721000 0. ,485000 0. ,008140 
0.973000 0, .011130 0. 368000 0. ,974000 0 ,004460 
0.306000 0 .024400 0. ,721000 0 .485000 0. ,008140 
0.973000 0 .011130 0. ,368000 0. ,974000 0. ,004460 
0.973000 o .011130 O. 368000 o. 974000 O ,004460 
O.973000 0 011130 0. ,368000 0. ,974000 0. 004460 
0.973000 0 .011130 0. ,368000 0. 974000 0. ,004460 
0.973000 0 .011130 0. , 368000 o. ,974000 O. ,004460 
0.973000 0 .011130 0. 368000 0. ,974000 0. 004460 
0.973000 0 .011130 0. 368000 0, 974000 0. 004460 
0.973000 0 .011130 0. ,368000 0. ,974000 o. ,004460 
0.973000 0 .011130 0. 368000 0. , 974000 0. ,004460 
0.973000 0 011130 0. 368000 0. ,974000 0. ,004460 
0.973000 0 .011130 0, ,368000 o. ,974000 0 ,004460 
0.973000 0 .011130 0. ,368000 0. ,974000 0. ,004460 
0.973000 o .011130 0. 368000 o. , 974000 0 ,004460 0.973000 0 .011130 0. 368000 0. 974000 0. ,004460 
0.306000 0 .024400 0. ,721000 0. ,485000 0. ,008140 
O.306000 0. 024400 o. 721000 0. ,485000 0. ,OOa140 
0.973000 o .011130 0. ,368000 0. ,974000 0. 004460 
0.973000 0, .011130 0. 368000 0. ,974000 0. ,004460 
O.306000 o .024400 o. ,721000 o. ,485000 o. ,008140 
0.306000 0 .024400 0. 721000 0. ,485000 0. 008140 
X, Y CORDINATES FOR LOCATION OF CONDUCTORS RELATIVE TO AN ARBITRARY REFERENCE POINT (FEET) 
0.00 O.00 
0.00 0.00 
0.00 0.00 
O.00 O.OO 
3.67 -0.32 
3.67 -0.32 
0.00 -6.50 
O.OO -6.50 
-3.67 -0.32 
-3.67 -0.32 
0.00 0.00 
O.OO O.OO 
0.00 -10.13 
0.00 -10.13 
0.00 0.00 
0.00 O.OO 
NEUTRAL COND. 
DIAMETER 
(INCHES) 
0.563000 
O.563000 
O.398000 
0.398000 
0.398000 
0.563000 
0.563000 
0.563000 
O.398000 
0.398000 
0.398000 
0.398000 
0.398000 
0.563000 
0.398000 
O.563000 
0.398000 
0.563000 
0.398000 
O.398000 
O.398000 
0.398000 
0.398000 
0.398000 
0.398000 
0.398000 
0.398000 
O.398000 
O.398000 
0.398000 
O.398000 
O.398000 
0.563000 
0.563000 
0.398000 
0.398000 
O.563000 
0.563000 
0 .00 0. 00 0. 00 -6. ,50 0 ,00 0 .00 
0 .00 0 .00 3 .67 -0 ,32 -3 .67 -0 .32 
0 oo o oo 3 .67 -0, 32 -3 .67 -0 . 32 
0 .00 0. 00 3 .67 -0 ,32 -3 .67 -0 .32 
0 .00 0. oo 0 .00 -6, 50 0 ,00 0 ,00 
0 .00 0 .00 0 .00 -6. ,50 0 .00 0 .00 
0 .00 0. 00 0 .00 -6. ,50 0 .00 0 .00 
0 oo 0. 00 0 .00 -6. ,50 0 .00 0 .00 
o oo 0. oo 0 .00 -6 . 50 0 .00 0 .00 
0. 00 0. 00 3. 67 -0. 32 -3. 67 -0. ,32 
0 .00 0. 00 o .00 -6 ,50 O .OO 0 .00 
0 .00 0. 00 3 .67 -0. ,32 -3 .67 -0 .32 
0. oo 0. 00 0. 00 -6. ,50 0. ,00 0. ,00 
0. 00 0. 00 3 .67 -0, 32 -3, 67 -0. ,32 
0. 00 0. 00 0. 00 -6. ,50 0 .00 0. ,00 
0. ,00 0. 00 0. 00 -6. 50 0 .00 0. ,00 
0. 00 0. oo 0. ,00 -6. 50 0. ,00 0. ,00 
0. 00 0. 00 0. ,00 -6, 50 0 ,00 0. ,00 
0. 00 0. 00 0. ,00 -6, .50 0. ,00 0. 00 
0 oo 0. oo 0. ,00 -6 .50 0 ,00 0 .00 
0 .00 0. 00 0. ,00 -6. 50 0. ,00 0. ,00 
0. 00 0. 00 0. ,00 -6. 50 0. ,00 0. ,00 
0. oo o. 00 0. ,00 -6 , 50 O. OO 0. OO 
0. 00 0. 00 0. 00 -6. 50 0. 00 0. ,00 
o. 00 0. oo 0 .00 -6 . SO O. OO o. ,00 
0. 00 0. 00 0. 00 -6, .50 0. ,00 0. ,00 
0. 00 0. 00 0. ,00 -6, .50 0. ,00 0, 00 
0. 00 0. 00 0. ,00 -6. 50 0. ,00 0, .00 
o. oo o. oo 3. ,67 -0, 32 -3. ,67 -o. 32 
0. 00 0. 00 3. ,67 -0. 32 -3. ,67 -0. 32 
0. 00 0. 00 0. ,00 -6, .50 0 ,00 0. 00 
0. 00 0, 00 0. ,00 -6. 50 0. 00 0, .00 
0. 00 0. 00 3, 67 -0. 32 -3, 67 -0. 32 
o. 00 o. oo 3. ,67 -0, 32 -3, ,67 -0. 32 
TRANSFORMER INPUT DATA FOLLOWS: 
FROM BUS TO BUS INTERNAL CONNECTION HIGH SIDE 
NUMBER NUMBER NODE TYPE FLAG 
22 23 0 13 0 
POS./NEG. SEQ. POS./NEG. SEQ. ZERO SEO. ZERO SEQ. 
SERIES RES. SERIES REAC. SERIES RES. SERIES REAC 
(PERCENT) (PERCENT) (PERCENT) (PERCENT) 
0.000000 0.608889 
LOAD INPUT DATA FOLLOWS; 
0.000000 0.608889 
0.00 0.00 
0.00 -10.13 
O.OO -10.13 
0.00 -10.13 
O.OO O.OO 
0.00 0.00 
0.00 0.00 
0.00 0.00 
O.OO O.OO 
0.00 -10.13 
O.OO O.OO 
0.00 -10.13 
0.00 0.00 
0.00 -10.13 
0.00 0.00 
0.00 0.00 
0.00 0.00 
0.00 0.00 
0.00 0.00 
0.00 0.00 
0.00 0.00 
0.00. 0.00 
O.OO O.OO 
0.00 0.00 
0.00 O.OO 
0.00 0.00 
0.00 0.00 
0.00 O.OO 
0.00 -10.13 
0.00 -10.13 
0.00 0.00 
0.00 0.00 
0.00 -10.13 
0.00 -10.13 
PHASE SHIFT OFF-NOMINAL HYSTERESIS TO 
(DEGREES) TURNS RATIO EDDY CURRENT 
30. 0.000000 0.00 
POS./NEG. SEQ. POS./NEG. SEQ. ZERO SEQ. ZERO SEQ. 
SHUNT RES. SHUNT REAC. SHUNT RES. SHUNT REAC. 
(PERCENT) (PERCENT) (PERCENT) (PERCENT) 
0.000000 0.000000 0.000000 
NUMBER ABC REAL POWER REAC. POWER 
LOAD (KW) (KVAR) 
24 001 120 .60 69 .00 
25 100 99 . 15 56 .85 
26 ICO 99 . 15 56 .85 
27 100 99 . 15 56 .85 
28 100 99 . 15 56 .85 
29 100 9 .60 5, .40 
30 100 15 .00 9 .00 
31 010 35 .90 20 .60 
32 010 35 .90 20 .60 
33 010 35 .90 20 .60 
34 010 35 .90 20, .60 
35 010 35 .90 20, .60 
36 010 35, .90 20, .60 
37 001 59 . 10 33 .90 
38 001 59 . 10 33 .90 
39 010 39 .30 22 .50 
40 010 39 .30 22 .50 
41 010 5 .84 3, .36 
42 010 5, .84 3. ,36 
43 010 5. 84 3. 36 
44 010 5, .84 3 .36 
45 010 5 .84 3, .36 
46 010 5 .84 3 ,36 
47 010 5, .84 3 ,36 
48 010 5. 84 3. 36 
49 CIO 5 . ,84 3. , 36 
50 010 5. 84 3. 36 
51 010 5. ,84 3. ,36 
52 010 5 .84 3. ,36 
53 010 5. ,84 3. 36 
54 010 5. ,84 3. 36 
55 010 5, 84 3. 36 
56 001 151 . 80 87. 00 
57 001 12. ,80 7. ,40 
58 001 12. 80 7. ,40 
59 001 12. ,80 7. ,40 
60 010 46. 80 27. 00 
61 111 5196. 80 1539. 80 
FILTER INPUT DATA FOLLOWS: 
BUS NUMBER ABC FILTER FILTER SIZE 
OF FILTER TYPE (KVAR) 
37 111 0 598.30 
56 111 O 593.60 
RESISTIVE 
PERCENTAGE 
50.00 
50.00 
50.00 
50.00 
50.00 
50.00 
50.00 
50.00 
50.00 
50.00 
SO. 00 
50.00 
50.00 
50. OO 
50.00 
50.00 
50.00 
50.00 
50.00 
50.00 
50.00 
50.00 
50.00 
50.00 
50.00 
50.00 
50.00 
50. OO 
50.00 
50.00 
50.00 
50.00 
50.00 
50.00 
50.00 
50.00 
50.00 
50.00 
RESONANCE FREO 
(HERTZ) 
0.00 
O.OO 
HYSTERESIS/EDDY 
CURRENT LOSSES 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
O.OO 
0.00 
0.00 
O.OO 
0.00 
0.00 
O.OO 
0.00 
0.00 
O.OO 
0.00 
0.00 
O.OO 
0.00 
0.00 
O.OO 
0.00 
0.00 
0.00 
O.OO 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
O.OO 
0.00 
MAG. RES. 
FACTOR 
0.00 
0.00 
0.00 
0.00 
0.00 
O.OO 
O.OO 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
O.OO 
0.00 
0.00 
0.00 
O.OO 
0.00 
O.OO 
0.00 
0.00 
0.00 
0.00 
0.00 
O.OO 
0.00 
O.OO 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
O.OO 
0.00 
0.00 
O.OO 
MAG. CURRENT 
FACTOR 
0.00 
0.00 
0.00 
0.00 
O.OO 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
O.OO 
0.00 
O.OO 
O.OO 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
O.OO 
O.OO 
O.OO 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
HYSTERESIS 
TO EDDY 
0.00 
0.00 
0.00 
0.00 
0.00 
O.OO 
O.OO 
0.00 
O.OO 
O.OO 
0.00 
O.OO 
0.00 
O.OO 
O.OO 
0.00 
O.OO 
O.OO 
0.00 
O.OO 
0.00 
0.00 1-^  
0.00 r; 
0.00 
0.00 
O.OO 
0.00 
0.00 
O.OO 
0.00 
0.00 
0.00 
0.00 
0.00 
O.OO 
0.00 
O.OO 
0.00 
FILTER HPF INDUCTOR 
QUALITY FACTOR QUALITY FACTOR 
0.00 
O.OO 
0.00 
O.OO 
TRANSMISSION SYSTEM SHORT CIRCUIT EQUIVALENT INPUT DATA FOLLOWS 
BUS NUMBER AT 
HIGH SIDE 
OF TRANSFORMER 
22 
POS./NEG. 
SEO. RES. 
(PERCENT) 
0.005760 
POS./NEG. 
SEQ. REAC. 
(PERCENT) 
0.032520 
ZERO SEQ. 
RESISTANCE 
(PERCENT) 
0.014430 
END OF INPUT DATA LISTING 
ZERO SEQ. 
REACTANCE 
(PERCENT) 
0.058040 
TITLE OF THIS RUN IS THE FOLLOWING: 
OUTPUT RESULTS OF THE BASE SYSTEM 
INFORMATION FOR CONVERTER AT BUS 61 
FUNDAMENTAL PHASE A VOLTAGE ANGLE ON AC SIDE OF CONVERTER (DEGREES) 
CONVERTER OPERATING FIRING ANGLE (DEGREES) 
CONVERTER OVERLAP ANGLE (DEGREES) 
CONVERTER OPERATING POWER (KW) 
PERCENT CANCELLATION OF NON-CHARACTERISTIC HARMONICS 
NON-CHARACTERISTIC HARMONICS SOURCE CONNECTION CODE 
CONVERTER PULSE NUMBER 
HIGHEST HARMONIC ORDER TO BE CONSIDERED 
HARMONIC INJECTED CURRENTS DUE TO CONVERTER AT BUS 61 
HARMONIC FREQUENCY PHASE A 
ORDER (HZ) MAG(PERCENT) ANG(DEGREE: 
5 300 2.423805 70.06 
7 420 1.626904 81 66 
1 1 660 8.526906 155.89 
13 780 6.297397 -5.51 
17 1020 0.334428 -111.87 
19 1 140 0.236967 -102.56 
23 1380 1.169072 5.00 
25 1500 0.910078 125.OO 
HARMONIC ANALYSIS FOR HARMONIC ORDER 5 (FREQUENCY = 300 HZ) 
MAG(PERCENT) ANG(DEGREE) 
HARMONIC CURRENT AT BUS 61 2.423805 70.06 
VOLTAGE (PERCENT) 
FROM PHASE A PHASE B PHASE C 
BUS MAGNITUDE ANGLE MAGNITUDE ANGLE MAGNITUDE ANGLE 
22 0.004412 114.61 0.004517 -126.04 0.004509 -4.57 
23 0.087741 146.65 0.086736 -93.97 0.090388 27.08 
24 0.123269 144.76 0.123330 -96.88 O.129787 27.37 
0.00 
5.00 
15.00 
1250.00 
90.00 
1 
12 
25 
PHASE B 
MAG(PERCENT) ANG(DEGREE) 
PHASE C 
MAG(PERCENT) ANG(DEGREE) 
2.423805 
1.626904 
8.526906 
6.297397 
0.334428 
0.236967 
1.169072 
O.910078 
-169.94 
-38.34 
-84.11 
-125.51 
8. 13 
137.44 
125.00 
5.00 
2.423805 
1 .626904 
8.526906 
6.297397 
0.334428 
0.236967 
1.169072 
0.910078 
-49.94 
-158.34 
35.89 
1 14.49 
128.13 
17.44.. 
-115.00 
-115.CO 
PHASE B 
MAG(PERCENT) ANG(DEGREE) 
Ui 
MAG(PERCENT) ANG(DEGREE) 
2.423805 •169.94 2.423805 -49.94 
CURRENT (PERCENT) 
TO PHASE A PHASE B PHASE C 
BUS MAGNITUDE ANGLE MAGNITUDE ANGLE MAGNITUDE ANGLE 
23 2.711738 -153.36 2.776104 -34.01 2.771246 87.46 
22 2.736155 56.72 2.702939 176.15 2.819768 -62.80 
24 2.736155 -123.28 2.702939 -3.85 2.819768 117.20 
23 2.735662 56.72 2.702492 176.15 2.819307 -62.80 
25 2.735662 -123.28 2.702492 -3.85 2.826642 117.37 
25 0.142114 144.12 0.142730 -97.82 0.150729 27.50 
26 0.141864 144.05 0.000000 0.00 0.000000 0.00 
27 0.141839 144.04 0.OOOOOO 0.00 0.000000 0.00 
28 0.141748 144.01 0.OOOOOO 0.00 0.OOOOOO 0.00 
29 0.146109 144.07 0.146692 -98.01 O.154890 27.53 
30 0.150151 144.03 0.150702 -98.20 0.159097 27.57 
31 0.151433 143.97 0.151642 -98.38 0.160303 27.60 
32 0.000000 0.00 0.151512 -98.41 0.OOOOOO 0.00 
33 0.000000 0.00 0.151485 -98.42 0.000000 0.00 
34 0.000000 O.OO 0.151364 -98.45 0.000000 0.00 
LOAD O.OOOOOO 0.00 O.OOOOOO 0.00 0.011004 -14.51 
24 2.735336 56.72 2.702192 176.15 2.826332 -62.63 
25 0.088873 102.21 O.OOOOOO O.OO O.OOOOOO O.OO 
29 2.805461 -121.84 2.702192 -3.85 2.826332 117.37 
LOAD 0.009907 102.23 O.OOOOOO 0.00 0.000000 0.00 
25 0.088913 -77.81 O.OOOOOO 0.00 O.OOOOOO O.OO 
27 0.029653 102.17 O.OOOOOO 0.00 O.OOOOOO 0.00 
28 0.029590 102.24 0.OOOOOO O.OO O.OOOOOO 0.00 
LOAD 0.029670 102.15 O.OOOOOO O.OO O.OOOOOO O.OO 
26 O.029665 -77.86 O.OOOOOO 0.00 O.OOOOOO O.OO 
LOAD 0.029665 102.14 0.000000 0.00 O.OOOOOO 0.00 
26 0.029646 -77.88 0.000000 0.00 O.OOOOOO 0.00 
LOAD 0.029646 102.12 0.000000 0.00 0.000000 0.00 
25 2.805389 58.16 2.702125 176.15 2.826264 -62.63 
30 2.806097 -121.83 2.702125 -3.85 2.826264 117.37 
LOAD 0.000985 102.25 0.OOOOOO 0.00 0.000000 0.00 
29 2.806022 58.17 2.702056 176.15 2.826192 -62.^ 
31 0.459326 -126.11 0.412118 -16.67 0.468532 115.14 
41 2.349390 -120.97 2.302024 -1.58 2.358085 117.81 
LOAD 0.001589 101.93 0.000000 0.00 0.000000 0.00 
30 0.459194 53.89 0.412000 163.33 0.468405 -64.85 
32 O.OOOOOO 0.00 O.057123 -140.11 O.OOOOOO O.OO 
37 0.459194 -126.11 0.448485 -10.16 0.468405 115.15 
LOAD O.OOOOOO 0.00 0.003828 -140.27 O.OOOOOO 0.00 
31 0.000000 0.00 0.057157 39.85 0.000000 0.00 
33 O.OOOOOO 0.00 0.011436 -140.12 0.OOOOOO 0.00 
34 0.OOOOOO 0.00 0.034247 -140.10 O.OOOOOO 0.00 
LOAD 0.000000 0.00 0.011474 -140.31 0.OOOOOO 0.00 
32 O.OOOOOO 0.00 0.011472 39.68 O.OOOOOO 0.00 
LOAD O.OOOOOO 0.00 0.011472 -140.32 O.OOOOOO 0.00 
35 0.000000 0.00 0.151354 -98.46 0.000000 0.00 
36 0.000000 0.00 0.151319 -98.47 0.000000 0.00 
37 0.153401 143.89 0.153511 -98.55 0.162315 27.60 
38 0.000000 0.00 0.000000 0.00 0.162196 27.57 
39 0.153415 143.89 0.153483 -98.56 0.162313 27.61 
40 0.000000 0.00 0.153409 -98.58 0.000000 0.00 
41 0.156600 144.01 O.157466 -98.35 O.165946 27.59 
42 O.OOOOOO O.OO 0.157374 -98.38 O.OOOOOO O.OO 
43 0.OOOOOO O.OO 0.157368 -98.38 0.000000 0.00 
44 0.000000 0.00 0.157330 -98.39 0.000000 0.00 
32 0. OOOOOO 0. 00 0. 034312 39. 78 0. OOOOOO 0. 00 
35 0. OOOOOO 0. 00 0. 011449 -140. 28 0. OOOOOO 0. 00 
36 O. OOOOOO o. OO 0. 011400 -140. 03 O. OOOOOO o. OO 
LOAD 0. OOOOOO 0. 00 0. 011463 -140. 35 0. OOOOOO 0. 00 
34 0. OOOOOO 0. 00 o. 011462 39. 65 0. OOOOOO 0. 00 
LOAD 0. OOOOOO 0. 00 0. 011462 -140. 35 0. OOOOOO 0. OO 
34 O. OOOOOO 0. OO 0. 011459 39. 64 O. OOOOOO o. OO 
LOAD 0. OOOOOO 0. 00 0. 011459 -140. 36 0. OOOOOO 0. OO 
31 0. 458972 53. • 89 0. 448282 169. 83 0. 468192 -64. 85 
38 0. ,000000 0, .00 0. OOOOOO 0. 00 0^ .020125 -14. 02 
39 0. ,000074 -125. • 34 0. 016817 -139. 97 0. •000071 111 • .31 
LOAD 0. •OOOOOO 0 • 00 0. OOOOOO 0. 00 0. •006745 -14^ .29 
CAP. 0. 458898 -126. • 1 1 0. 459229 -8. 55 0. 485564 1 17 ,60 
37 0 .OOOOOO 0. 00 0 •OOOOOO 0. • 00 0 •020220 165 .68 
LOAD O ,OOOOOO O. • OO O .OOOOOO O. OO O •020220 -14. , 32 
37 0 ,OOOOOO -35 • 24 0 .016867 39 • 87 0 •OOOOOO -94. 
M 
40 0 .000000 0 .00 0 .012626 -140. •02 0 .000000 0. •00 
LOAD O •OOOOOO O • OO o .004241 -140. • 45 0. •OOOOOO O. • OO 
39 0 .OOOOOO 0 .00 O .012716 39 • 53 O .OOOOOO 0 • 00 
LOAD 0 •OOOOOO 0 .00 0 .012716 -140. • 47 0 .OOOOOO 0 • 00 
30 2 .349240 59 .03 2 .301885 178 .42 2 .357942 -62 . 18 
42 0 .OOOOOO 0 .00 0 .026678 -139 .20 0 .000000 0 • 00 
56 2 .349240 -120 .97 2 .322150 -1 . 12 2 .357942 1 17 .82 
LOAD 0 .OOOOOO 0 .00 o .000647 -140 .26 O .OOOOOO 0 .OO 
41 0 .OOOOOO 0 .00 0 .026731 40 .67 0 OOOOOO 0 .00 
43 0 .000000 0 .00 0 .001886 -138 .48 0 .000000 0 .00 
44 0 .OOOOOO 0 .00 0 .022906 -139 .32 O .OOOOOO 0 .OO 
LOAD 0 .OOOOOO 0 .00 0 .001939 -140 .29 0 .OOOOOO O .00 
42 0 .OOOOOO 0 .00 0 .001939 39 .71 0 .OOOOOO 0 .00 
LOAD 0 .OOOOOO 0 .00 0 .001939 -140 .29 0 .000000 0 .00 
45 0.000000 0.00 0.157327 -98.39 0.000000 0.00 
46 0.000000 0.00 0.157324 -98.39 0.OOOOOO 0.00 
47 O.OOOOOO 0.00 0.157308 -98.40 0.000000 0.00 
48 0.000000 0.00 0.157301 -98.40 0.OOOOOO 0.00 
49 0.000000 O.OO 0.157293 -98.40 O.OOOOOO 0.00 
50 O.OOOOOO O.OO 0.157292 -98.40 O.OOOOOO O.OO 
51 0.000000 0.00 0.157292 -98.40 0.000000 0.00 
52 O.OOOOOO 0.00 0.157293 -98.40 0.000000 O.OO 
53 0.OOOOOO 0.00 0.157290 -98.40 0.000000 0.00 
42 0. OOOOOO 0. 00 0. 022936 40. 60 0. oooooo 0. oo 
45 0. OOOOOO 0. 00 0. 001916 -139. 55 0. oooooo 0. 00 
46 O. OOOOOO o. ,00 o. ,001892 -138. 71 0. ,oooooo o. oo 
47 0. OOOOOO 0. 00 0. 017190 -139. 36 0. oooooo 0. 00 
LOAD 0. OOOOOO 0, .00 0. 001939 -140. ,30 0. oooooo o. oo 
44 0. , OOOOOO 0. 00 o. 001938 39. 70 0 oooooo 0. ,00 
LOAD 0. ,OOOOOO 0, .00 0. ,001938 -140. 30 0. oooooo o oo 
44 0 .oooooo 0 .00 o .001938 39, .70 0 oooooo 0 .00 
LOAD 0 .oooooo 0 .00 0 .001938 -140. 30 0 oooooo 0 .00 
44 O .oooooo o .00 0 .017210 40 .56 0 oooooo 0 .00 
48 0 oooooo 0 .00 0 .001884 -138 .43 0 .000000 0 .00 
49 0 .oooooo 0 .00 0 .005751 -139 .60 o oooooo 0 oo 
52 0 .000000 0 .oo 0 .007638 -139 .35 0 .000000 0 .00 
LOAD 0 oooooo 0 .00 0 .001938 -140 .31 0 oooooo 0 .00 
47 O .oooooo 0 .00 0 .001938 39 .69 0 .oooooo 0 .oo 
LOAD O .oooooo 0 .00 0 .001938 -140 .31 0 .oooooo o .00 
1—' 
47 0. ,OOOOOO 0. 00 0. 005790 39. 96 0. OOOOOO 0. ,00 
50 0 ,oooooo 0. 00 0. 001926 -139. ,90 0. OOOOOO 0. ,00 
51 O. oooooo o. oo 0. 001926 -139. 90 O. oooooo 0. oo 
LOAD 0. ,oooooo 0. 00 0. 001938 -140. ,31 0. oooooo 0. ,00 
49 0. ,oooooo 0. 00 0. 001938 39. 69 0. ,oooooo 0, 00 
LOAD 0, .oooooo 0. ,00 o. ,001938 -140. ,31 0. ,oooooo 0, .00 
49 O .oooooo 0. ,00 0. ,001938 39. 69 O. ,oooooo o oo 
LOAD 0 oooooo 0, 00 0 ,001938 -140 .31 0, oooooo 0 .00 
47 0 .oooooo o oo 0 ,007668 40, .39 O, oooooo 0 oo 
53 0 .oooooo 0 .00 0. ,001916 -139. ,56 0. ,oooooo 0 .00 
54 O .oooooo 0 oo o. 001932 -140, . 1 1 0 .oooooo o .00 
55 0 .oooooo 0 .00 0, 001884 -138. 43 O. oooooo 0 .00 
LOAD 0, .oooooo 0. ,00 0. ,001938 -140, .31 0 oooooo 0 .00 
52 0 .oooooo 0 .00 0, .001938 39, .69 0 .oooooo 0 .00 
LOAD O .oooooo 0, oo o. ,001938 -140. .31 O oooooo o .00 
54 O.000000 0.00 0.157292 -98.40 0.000000 0.00 
55 0.000000 O.OO 0.157286 -98.40 0.000000 0.00 
56 0.161684 144.01 0.162912 -98.44 0.171390 27.60 
57 O.165877 144.04 O.167465 -98.45 O.175878 27.60 
58 O.OOOOOO O.OO O.OOOOOO O.OO 0.175862 27.60 
59 0.000000 0.00 0.000000 0.00 0.175854 27.60 
60 0.167997 144.06 0.169758 -98.45 0.178161 27.61 
61 0.170587 144.07 0.172574 -98.45 0.180955 27.61 
HARMONIC ANALYSIS FOR HARMONIC ORDER 7 (FREQUENCY = 420 HZ) 
PHASE A 
MAG(PERCENT) ANG(DEGREE) 
HARMONIC CURRENT AT BUS 61 1.626904 81.66 
VOLTAGE (PERCENT) 
FROM PHASE A PHASE B PHASE C 
BUS MAGNITUDE ANGLE MAGNITUDE ANGLE MAGNITUDE ANGLE 
52 0.000000 0.00 0.001938 39.69 0.000000 O.OO 
LOAD 0.000000 0.00 0.001938 -140.31 O.OOOOOO 0.00 
52 O.OOOOOO 0.00 0.001938 39.69 O.OOOOOO O.OO 
LOAD 0.000000 0.00 0.001938 -140.31 O.OOOOOO 0.00 
41 2.349117 59.03 2.322035 178.88 2.357823 -62.18 
57 1.871558-119.68 1.843482 0.79 1.861474 118.29 
LOAD 0.000000 0.00 O.OOOOOO 0.00 0.018293 -14.30 
CAP. 0.479878 -125.99 0.483522 -8.44 O.508684 117.60 
56 1.871425 60.32 1.843358 -179.21 1.861347 -61.71 
58 0.000000 0.00 0.000000 0.00 0.009444 -13.94 
60 1.871425 -119.68 1.843358 0.79 1.868786 118.54 
LOAD 0.000000 O.OO O.OOOOOO 0.00 0.001584 -14.33 
57 0.000000 0.00 0.000000 0.00 0.009474 165.85 
59 0.000000 O.OO O.OOOOOO 0.00 0.004723 -13.96 
LOAD O.OOOOOO 0.00 O.OOOOOO 0.00 0.004751 -14.33 
58 O.OOOOOO 0.00 O.OOOOOO 0.00 0.004750 165.67 
LOAD O.OOOOOO 0.00 0.000000 0.00 0.004750 -14.33 
57 1.871357 60.32 1.843294 -179.21 1.868720 -61.46 
61 1.871357 -119.68 1.847651 0.90 1.868720 118.54 
LOAD O.OOOOOO 0.00 0.005588 -140.37 O.OOOOOO 0.00 
60 1.871272 60.32 1.847572 -179.10 1.868639 -61.46 
LOAD 0.660349 98.71 0.668038 -143.81 0.700482 -17.75 
PHASE B PHASE C 
MAG(PERCENT) ANG(DEGREE) MAG(PERCENT) ANG(DEGREE) 
1.626904 -38.34 1.626904 -158.34 
CURRENT (PERCENT) 
TO PHASE A PHASE B PHASE C 
BUS MAGNITUDE ANGLE MAGNITUDE ANGLE MAGNITUDE ANGLE 
22 0.006330 172.20 0.006382 50.11 O.006154 -69.27 
23 0.122099 143.03 0.127196 22.77 O.122691 -98.65 
24 0.170999 141.73 0.181860 23.24 0.174908 -101.26 
25 O.196807 141.31 0.210803 23.38 O.202748 -102.05 
26 0.196456 141.19 O.OOOOOO O.00 O.OOOOOO O.OO 
27 0.196420 141.18 0.000000 0.00 0.OOOOOO O.OO 
28 0.196292 141.14 0.000000 0.00 0.000000 0.00 
29 0.2022S3 141.33 O.216517 23.41 0.208468 -102.22 
30 0.207823 141.35 0.222293 23.44 0.214255 -102.39 
31 0.210998 141.33 0.225447 23.37 0.217675 -102.59 
32 0.000000 0.00 0.225251 23.32 0.OOOOOO 0.00 
23 2. 779912 -96. 35 2. 802664 141 . 56 2. 702729 22. 18 
22 2. 719332 53. 08 2. 833640 -67. 15 2. 732023 171 . 43 
24 2. 719332 -126. 92 2. 833640 112. 85 2. 732023 -8. 57 
23 2. 718372 53. 08 2. 832730 -67. 14 2. 731143 171 . 43 
25 2. 718372 -126. 92 2. 832730 112. 86 2. 738809 -8. 34 
LOAD 0. OOOOOO 0. 00 0. OOOOOO 0. 00 0. 013312 -133. 62 
24 2. 717737 53. 09 2. 832120 -67. 14 2. 738217 171 . 66 
26 0. 110436 108. 94 0, OOOOOO 0. 00 0. OOOOOO 0. 00 
29 2. 788480 -124. 83 2. 832120 112. 86 2. 738217 -8. 34 
LOAD 0. 012315 108. 95 0. OOOOOO 0. 00 0. OOOOOO 0. 00 
25 0. 110498 -71 . 11 0. OOOOOO 0. 00 0. OOOOOO 0. 00 
27 0. 036855 108. 86 0. ,OOOOOO 0 .00 0. OOOOOO 0. 00 
28 0. 036763 108. 99 0. ,OOOOOO 0. 00 0. OOOOOO 0 00 
LOAD 0. 036880 108 .83 0. OOOOOO 0 00 0 OOOOOO 0, 00 
26 0. 036873 -71 . 18 0 OOOOOO 0 .00 0 OOOOOO 0. 
T—' T—» 
,68 
LOAD 0. 036873 108 .82 0. ,OOOOOO 0 .00 O OOOOOO 0. 00 
26 0 .036849 -71 .23 0 .000000 0 .00 0 .OOOOOO 0 .00 
LOAD 0 .036849 108 .77 0 OOOOOO 0 .00 0 .OOOOOO 0 .00 
25 2 .788341 55 . 17 2 .831985 -67 . 14 2 ,738086 171 .66 
30 2 .789064 -124 .81 2 .831985 112 .86 2 .738086 -8 .34 
LOAD 0 .001225 109 .03 0 .OOOOOO 0 .00 0 .OOOOOO 0 .OO 
29 2 .788919 55 . 19 2 .831845 -67 . 14 2 .737950 171 .66 
31 0 .907106 -128 .77 0 .917873 107 .91 0 .917998 -14 .67 
41 1 .886253 -122 .85 1 .919014 1 15 .22 1 .828355 -5 . 17 
LOAD 0 .001971 108 .80 0 .OOOOOO 0 .00 0 .OOOOOO 0 .00 
30 0 .906848 51 .23 0 .917623 -72 .09 O .917758 165 .33 
32 0 .OOOOOO 0 .00 0 .076157 -8 .69 0 .OOOOOO 0 .00 
37 0 .906848 -128 .77 0 .956797 1 12 .27 0 .917758 -14 .67 
LOAD 0 .OOOOOO 0 .00 0 .005108 -8 .99 0 .OOOOOO 0 .00 
33 0.000000 0.00 0.225211 23.31 0.000000 0.00 
34 0.000000 0.00 0.225029 23.25 0.000000 0.00 
35 O.OOOOOO O.OO 0.225015 23.25 O.OOOOOO 0.00 
36 0.000000 0.00 0.224962 23.23 0.000000 0.00 
37 0.216390 141.23 0.231138 23.43 0.223093 -102.92 
38 O.OOOOOO O.OO O.OOOOOO O.OO O.222928 -102.97 
39 0.216378 141.23 0.231096 23.42 0.223117 -102.92 
40 O.OOOOOO 0.00 0.230983 23.38 O.OOOOOO O.OO 
41 0.215078 141.40 0.230021 23.56 0.221717 -102.46 
42 0.000000 0.00 O.229890 23.52 0.000000 0.00 
31 0.000000 0.00 0.076215 171.25 0.000000 0.00 
33 0.000000 0.00 0.015249 -8.71 0.000000 O.OO 
34 O.OOOOOO O.OO 0.045655 -8.67 O.OOOOOO 0.00 
LOAD 0.000000 0.00 0.015311 -9.05 0.000000 0.00 
32 0.OOOOOO 0.00 0.015308 170.94 0.000000 0.00 
LOAD O.OOOOOO 0.00 0.015308 -9.06 O.OOOOOO 0.00 
32 O.OOOOOO 0.00 0.045763 171.11 O.OOOOOO O.OO 
35 0.000000 0.00 0.015274 -8.99 0.000000 O.OO 
36 O.OOOOOO 0.00 O.015193 -8.55 0.000000 0.00 
LOAD 0.OOOOOO 0.00 0.015296 -9.12 0.000000 0.00 
34 0.OOOOOO 0.00 0.015295 170.88 O.OOOOOO 0.00 
LOAD 0.000000 0.00 0.015295 -9.12 0.000000 O.OO 
34 O.OOOOOO O.OO 0.015291 170.86 O.OOOOOO O.OO 
LOAD O.OOOOOO 0.00 0.015291 -9.14 O.OOOOOO 0.00 
31 0.906411 51.23 0.956374 -67.73 0.917352 165.32 
38 O.OOOOOO 0.00 0.OOOOOO 0.00 0.024799 -134.80 
39 0.000147 -128.56 0.022705 -8.04 0.000138 -6.83 
LOAD O.OOOOOO 0.00 O.OOOOOO 0.00 0.008321 -135.29 
CAP. 0.906265 -128.77 0.968031 113.43 0.934337 -12.92 
37 0.OOOOOO 0.00 0.OOOOOO 0.00 0.024946 44.66 
LOAD 0.OOOOOO 0.00 0.OOOOOO O.OO 0.024946 -135.34 
37 O.OOOOOO 45.06 O.022767 171.64 O.OOOOOO -104.62 
40 0.OOOOOO 0.00 0.017036 -8.17 O.OOOOOO 0.00 
LOAD 0.000000 0.00 0.005732 -8.94 0.OOOOOO 0.00 
39 0.000000 0.00 0.017186 171.03 0.000000 0.00 
LOAD O.OOOOOO 0.00 O.017186 -8.97 O.OOOOOO O.OO 
30 1.885963 57.15 1.918734 -64.78 1.828082 174.83 
42 0.000000 0.00 0.034839 -6.92 0.000000 0.00 
56 1.885963 -122.85 1.937977 116.11 1.828082 -5.17 
LOAD O.OOOOOO 0.00 0.000848 -8.82 O.OOOOOO 0.00 
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53 0.000000 0.00 0.229768 
54 0.000000 O.OO 0.229771 
55 0.000000 0.00 0.229762 
56 0.220872 141.43 0.236265 
57 0.223890 141.52 0.239483 
58 O.OOOOOO 0.00 0.000000 
59 0.000000 0.00 0.000000 
60 0.225401 141.56 0.241111 
61 0.227253 141.62 0.243117 
HARMONIC ANALYSIS FOR HARMONIC ORDER 
23.48 0.000000 0.00 
23.48 0.000000 O.OO 
23.48 0.000000 0.00 
23.68 0.227584 -102.52 
23.76 0.230661 -102.42 
0.00 0.230639 -102.42 
0.00 0.230630 -102.43 
23.73 0.232235 -102.36 
23.84 0.234155 -102.29 
11 (FREQUENCY = 660 HZ) 
47 0.OOOOOO 0.00 0.010028 172.35 O.OOOOOO 0.00 
53 0.000000 0.00 0.002505 -7.56 0.000000 0.00 
54 O.OOOOOO O.OO 0.002531 -8.54 O.OOOOOO 0.00 
55 0.OOOOOO 0.00 0.002454 -5.55 O.OOOOOO 0.00 
LOAD 0.000000 O.OO 0.002541 -8.90 O.OOOOOO O.OO 
52 O.OOOOOO O.OO 0.002541 171.10 O.OOOOOO O.OO 
LOAD 0.000000 0.00 0.002541 -8.90 0.000000 0.00 
52 O.OOOOOO O.OO 0.002541 171.10 O.OOOOOO O.OO 
LOAD 0.000000 0.00 0.002541 -8.90 0.000000 0.00 
52 O.OOOOOO 0.00 0.002541 171.10 0.000000 O.OO 
LOAD O.OOOOOO 0.00 0.002541 -8.90 0.OOOOOO 0.00 
41 1.885726 57.15 1.937748 -63.89 1.827858 174.83 
57 0.976830 -117.47 0.957810 118.61 0.914364 3.50 
LOAD O.OOOOOO 0.00 0.000000 O.OO 0.021803 -134.88 
CAP. 0.917769 -128.57 0.981730 113.68 0.945657 -12.52 
to 
56 0.976581 62.53 0.957567 -61.39 0.914129 -176.49 
58 0.000000 0.00 0.OOOOOO 0.00 0.011099 -134.13 
60 0.976581 -117.47 0.957567 118.61 0.923764 4.05 
LOAD O.OOOOOO O.OO 0.000000 O.OO 0.001864 -134.81 
57 0. OOOOOO 0.00 O. OOOOOO 0.00 0.011142 45.51 
59 0.000000 0.00 0.000000 0.00 0.005551 -134.16 
LOAD O.OOOOOO 0.00 O.OOOOOO 0.00 0.005591 -134.82 
58 O.OOOOOO 0.00 0.000000 0.00 0.005591 45.18 
LOAD O.OOOOOO 0.00 0.000000 0.00 0.005591 -134.82 
57 0.976453 62.53 0.957443 -61.39 O.923644 -175.95 
61 0.976453 -117.47 0.961767 118.95 0.923644 4.05 
LOAD O.OOOOOO O.OO 0.007123 -8.59 O.OOOOOO O.OO 
60 0.976296 62.53 O.961615 -61.05 O.923496 -175.95 
LOAD 0.773741 106.08 0.827754 -11.69 0.797239 -137.83 
PHASE A 
MAG(PERCENT) ANG(DEGREE) 
HARMONIC CURRENT AT BUS 61 8.526906 155.89 
VOLTAGE (PERCENT) 
FROM PHASE A PHASE B PHASE C 
BUS MAGNITUDE ANGLE MAGNITUDE ANGLE MAGNITUDE ANGLE 
22 0.046357 80.54 0.042213 -168.18 0.050105 -47.73 
23 0.970345 108.02 0.837432 -129.84 0.929195 -20.54 
24 1.338649 107.05 1.190586 -131.84 1.323603 -20.22 
25 1.533902 106.70 1.376927 -132.48 1.533228 -20.03 
26 1.530996 106.50 0.000000 0.00 O.000000 0.00 
27 1.530702 106.48 0.000000 0.00 0.000000 0.00 
28 1.529648 106.41 0.000000 0.00 0.000000 0.00 
29 1.575503 106.78 1.415679 -132.65 1.573966 -20.01 
30 1.617591 106.87 1.454885 -132.82 1.615139 -19.99 
— — PHASE B — 
MAG(PERCENT) ANG(DEGREE) 
PHASE C 
MAG(PERCENT) ANG(DEGREE) 
8.526906 -84.11 8.526906 35.89 
CURRENT (PERCENT) 
TO PHASE A PHASE B PHASE C 
BUS MAGNITUDE ANGLE MAGNITUDE ANGLE MAGNITUDE ANGLE 
23 12.957407 171.47 11.799166 -77.25 14.004811 43.19 
22 13.739247 18.05 11.873008 140.27 13.181660 -110.53 
24 13.739247 -161.95 11.873008 -39.73 13.181660 69.47 
23 13.727178 18.05 11.863472 140.27 13.171097 -110.52 
25 13.727178 -161.95 11.863472 -39.73 13.206902 69.86 
LOAD 0.000000 0.00 O.OOOOOO 0.00 0.094916 -42.49 
N) 
24 13.719232 18.05 11.857083 140.27 13.199838 -110.14 
26 0.810645 84.43 0.000000 0.00 0.000000 0.00 
29 14.104571 -158.59 11.857083 -39.73 13.199838 69.86 
LOAD 0.090436 84.41 O.OOOOOO O.OO 0.000000 O.OO 
25 0.811181 -95.67 0.000000 O.OO O.OOOOOO O.OO 
27 0.270579 84.28 O.OOOOOO 0.00 0.000000 0.00 
28 0.269811 84.51 0.000000 0.00 0.000000 0.00 
LOAD 0.270793 84.21 0.000000 O.OO 0.000000 0.00 
26 0.270741 -95.81 O.OOOOOO 0.00 0.000000 0.00 
LOAD 0.270741 84.19 0.000000 0.00 0.000000 0.00 
26 0.270555 -95.88 0.000000 0.00 0.000000 0.00 
LOAD 0.270555 84.12 O.OOOOOO 0.00 O.OOOOOO 0.00 
25 14.102831 21.41 11.855673 140.27 13.198279 -110.14 
30 14.106896 -158.56 11.855673 -39.73 13.198279 69.86 
LOAD 0.008991 84.54 0.000000 0.00 0.000000 0.00 
29 14.105091 21.44 11.854209 140.27 13.196661 -110.14 
31 11.722328 -163.41 10.396437 -47.30 11.691829 68.90 
31 1.679636 106.76 1.512706 -133.34 1.679856 -19.95 
32 O.OOOOOO 0.00 1.511324 -133.44 0.000000 0.00 
33 O.OOOOOO O.OO 1.511(337 -133.46 O.OOOOOO O.OO 
34 0.000000 0.00 1.509761 -133.55 0.000000 0.00 
35 0.OOOOOO 0.00 1.509656 -133.56 0.000000 0.00 
36 0.OOOOOO 0.00 1.509286 -133.59 O.OOOOOO 0.00 
37 1.779506 106.59 1.612005 -133.89 1.788678 -19.96 
38 O.OOOOOO 0.00 O.OOOOOO 0.00 1.787286 -20.04 
39 1.779799 106.59 1.611697 -133.92 1.788532 -19.95 
40 O.OOOOOO 0.00 1.610872 -133.97 O.OOOOOO O.OO 
41 2.630447 -136.12 2.066102 1.73 1.519279 77.30 
LOAD O.014442 84.45 0.000000 O.OO O.OOOOOO O.OO 
30 11.7190G8 16.59 10.393835 132.70 11.688905 -111. 10 
32 0.000000 0.00 0.481044 -155.06 0.000000 0.00 
37 11.719068 -163.41 10.562020 -44.65 11.688905 68.90 
LOAD O.OOOOOO O.OO 0.032293 -155.63 O.OOOOOO 0.00 
31 O.OOOOOO O.OO 0.481465 24.82 O.OOOOOO 0.00 
33 0.OOOOOO 0.00 0.096334 -155.10 0.000000 0.00 
34 O.OOOOOO 0.00 0.288348 -155.02 O.OOOOOO O.OO 
LOAD O.OOOOOO O.OO 0.096790 -155.73 O.OOOOOO 0.00 
32 O.OOOOOO 0.00 0.096771 24.25 O.OOOOOO 0.00 
LOAD 0.OOOOOO 0.00 0.096771 -155.75 0.000000 0.00 
32 O.OOOOOO 0.00 0.289141 24.58 0.OOOOOO 0.00 
35 O.OOOOOO 0.00 0.096524 -155.61 0.OOOOOO O.OO 
36 0.000000 0.00 0.095937 -154.80 0.000000 0.00 
LOAD 0.OOOOOO 0.00 0.096690 -155.84 0.000000 0.00 
t-0 
34 O.OOOOOO 0.00 0.096683 24.15 O.OOOOOO o.éo 
LOAD O.OOOOOO O.OO O.096683 -155.85 O.OOOOOO O.OO 
34 O.OOOOOO O.OO 0.096659 24.13 O.OOOOOO O.OO 
LOAD 0.000000 0.00 0.096659 -155.87 0.000000 0.00 
31 11.713399 16.59 10.557441 135.35 11.683800 -111.10 
38 O.OOOOOO 0.00 0.OOOOOO O.OO 0.187145 -41.35 
39 0.001936 -163.17 0.148723 -154.59 0.001752 64.93 
LOAD 0.OOOOOO 0.00 0.OOOOOO 0.00 0.062860 -42.24 
CAP. 11.711463 -163.41 10.609088 -43.89 11.771825 70.04 
37 O.OOOOOO O.OO O.OOOOOO 0.00 O.188433 137.67 
LOAD O.OOOOOO 0.00 0.OOOOOO 0.00 0.188433 -42.33 
37 0.000000 27.11 0.149438 24.87 0.OOOOOO -139.22 
40 O.OOOOOO 0.00 0.111784 -154.77 O.OOOOOO O.OO 
LOAD 0.OOOOOO 0.00 0.037663 -156.20 0.OOOOOO O.OO 
41 1.630394 107.15 1.466834 -132.52 1.623034 -20.00 
42 0.000000 0.00 1.466007 -132.59 0.000000 0.00 
43 O.OOOOOO 0.00 1.465948 -132.59 O.OOOOOO 0.00 
44 0.000000 0.00 1.465602 -132.62 0.000000 0.00 
45 0.000000 0.00 1.465575 -132.62 0.000000 0.00 
46 0.000000 0.00 1.465549 -132.63 0.000000 0.00 
47 0.000000 0.00 1.465398 -132.64 0.000000 0.00 
48 0.000000 0.00 1.465337 -132.64 0.000000 0.00 
49 O.OOOOOO 0.00 1.465262 -132.65 0.000000 0.00 
39 0.000000 0.00 0.112931 23.75 O.OOOOOO 0.00 
LOAD 0.000000 0.00 O.112931 -156.25 0.000000 O.OO 
30 2.627239 43.92 2.063829 -178.22 1.516137 -102.67 
42 0.000000 0.00 0.208770 -151.32 O.OOOOOO 0.00 
56 2.627239 -136.08 2.256748 4.23 1.516137 77.33 
LOAD O.OOOOOO O.OO 0.005094 -154.81 O.OOOOOO O.OO 
41 O.OOOOOO O.OO O.209313 28.25 O.OOOOOO O.OO 
43 0.000000 0.00 0.014730 -148.97 0.000000 0.00 
44 O.OOOOOO O.OO 0.179350 -151.71 O.OOOOOO 0.00 
LOAD 0.000000 O.OO 0.015274 -154.88 O.OOOOOO 0.00 
42 0.000000 0.00 0.015273 25.11 0.000000 0.00 
LOAD 0.000000 0.00 0.015273 -154.89 0.000000 0.00 
42 0.000000 0.00 0.179662 28.01 0.000000 0.00 
45 0.000000 0.00 0.015020 -152.47 0.000000 0.00 
46 0.000000 0.00 0.014780 -149.71 0.000000 0.00 
47 0.000000 0.00 0.134625 -151.86 0.000000 0.00 
LOAD O.OOOOOO O.OO 0.015270 -154.91 O.OOOOOO O.OO 
to 
44 O.OOOOOO 0.00 0.015269 25.08 O.OOOOOO 0.00 
LOAD 0.000000 0.00 0.015269 -154.92 0.000000 0.00 
44 0.000000 0.00 0.015269 25.08 0.000000 0.00 
LOAD 0.000000 0.00 0.015269 -154.92 0.000000 0.00 
44 0.000000 0.00 0.134834 27.89 O.OOOOOO O.OO 
48 0.000000 O.OO 0.014706 -148.79 0.000000 O.OO 
49 O.OOOOOO O.OO 0.045093 -152.64 O.OOOOOO 0.00 
52 0.000000 0.00 0.059814 -151.81 O.OOOOOO 0.00 
LOAD 0.000000 0.00 0.015267 -154.93 O.OOOOOO O.OO 
47 0.000000 O.OO 0.015267 25.06 O.OOOOOO 0.00 
LOAD 0.000000 0.00 0.015267 -154.94 0.000000 0.00 
47 0.000000 0.00 0.045516 25.94 0.000000 0.00 
50 0.000000 0.00 0.015127 -153.62 0.000000 0.00 
51 0.000000 0.00 0.015127 -153.62 O.OOOOOO O.OO 
LOAD 0.000000 0.00 0.015266 -154.94 0.000000 O.OO 
50 0.000000 0.00 1.465247 -132.65 0.000000 0.00 
51 O.OOOOOO O.OO 1.465247 -132.65 0.000000 0.00 
52 0.000000 0.00 1.465261 -132.65 0.000000 0.00 
53 O.OOOOOO 0.00 1.465234 -132.65 O.OOOOOO O.OO 
54 0.000000 0.00 1.465253 -132.65 0.000000 0.00 
55 O.OOOOOO O.OO 1.465200 -132.65 0.000000 O.OO 
56 1.639913 107.37 1.476999 -132.23 1.629660 -20.02 
57 1.599628 107.70 1.436614 -131.67 1.581117 -20.03 
58 0.OOOOOO 0.00 0.000000 0.00 1.580965 -20.04 
59 0.OOOOOO O.OO 0.000000 O.OO 1.580895 -20.05 
60 1.579353 107.86 1.416148 -131.38 1.556738 -20.03 
49 0.OOOOOO 0.00 0.015266 25.06 O.OOOOOO 0.00 
LOAD 0.000000 0.00 0.015266 -154.94 0.000000 0.00 
49 0.000000 0.00 0.015266 25.06 0.000000 0.00 
LOAD O.OOOOOO O.OO 0.015266 -154.94 0.OOOOOO 0.00 
47 O.OOOOOO O.OO 0.060131 27.34 O.OOOOOO O.OO 
53 0.000000 0.00 0.015016 -152.50 O.OOOOOO 0.00 
54 0.OOOOOO 0.00 0.015195 -154.28 O.OOOOOO 0.00 
55 0.000000 O.OO 0.014704 -148.80 O.OOOOOO 0.00 
LOAD 0.000000 O.OO 0.015266 -154.94 0.000000 0.00 
52 0.000000 0.00 0.015266 25.06 O.OOOOOO 0.00 
LOAD 0.000000 O.OO 0.015266 -154.94 0.000000 0.00 
52 0.OOOOOO 0.00 0.015266 25.06 O.OOOOOO 0.00 
LOAD 0.000000 0.00 0.015266 -154.94 0.000000 0.00 
ro 
Ln 
52 0.OOOOOO 0.00 O.015265 25.05 O.OOOOOO 0.00 
LOAD 0.000000 0.00 0.015265 -154.95 0.000000 0.00 
41 2.624668 43.94 2.254987 -175.73 1.513628 -102.65 
57 8.442551 9.38 8.255724 126.34 9.090124 -112.10 
LOAD 0.000000 0.00 0.OOOOOO 0.00 0.147101 -42.30 
CAP. 10.707975 -162.63 9.644214 -42.23 10.641029 69.98 
56 8.445499 -170.62 8.258016 -53.65 9.092775 67.90 
58 0.000000 O.OO O.OOOOOO 0.00 0.071581 -41.09 
60 8.445499 9.38 8.258016 126.35 9.065664 -112.60 
LOAD 0.000000 0.00 0.OOOOOO 0.00 0.012036 -42.34 
57 0.000000 0.00 0.000000 0.00 0.071904 138.25 
59 O.OOOOOO 0.00 O.OOOOOO 0.00 0.035802 -41.14 
LOAD 0.000000 0.00 0.000000 0.00 0.036105 -42.35 
58 0.000000 0.00 0.000000 0.00 0.036104 137.65 
LOAD O.OOOOOO O.OO O.OOOOOO 0.00 0.036104 -42.35 
61 1.554470 108.07 1.391236 -131.00 1.526936 -20.02 
HARMONIC ANALYSIS FOR HARMONIC ORDER 13 (FREQUENCY = 780 HZ) 
PHASE A 
MAG(PERCENT) ANG(DEGREE) 
HARMONIC CURRENT AT BUS 61 6.297397 -5.51 
VOLTAGE (PERCENT) 
FROM PHASE A PHASE B PHASE C 
BUS MAGNITUDE ANGLE MAGNITUDE ANGLE MAGNITUDE ANGLE 
22 0.021564 -46.83 0.019652 -165.90 0.020962 78.15 
23 0.425427 -73.50 0.408912 162.53 0.392234 48.71 
24 0.589088 -74.41 0.580947 163.23 0.555448 46.62 
25 0.675188 -74.71 0.672144 163.43 0.642363 46.04 
26 0.673846 -74.95 0.000000 0.00 0.000000 0.00 
27 0.673711 -74.97 0.000000 0.00 0.000000 0.00 
28 0.673224 -75.06 0.000000 0.00 O.OOOOOO 0.00 
57 8.446960 -170.62 8.259148 -53.65 9.066975 67.40 
61 8.446960 9.38 8.252375 126.08 9.066975 -112.60 
LOAD 0.OOOOOO O.OO 0.039414 -153.68 O.OOOOOO O.OO 
60 8.448723 -170.61 8.253732 -53.92 9.068551 67.40 
LOAD 4.892766 83.51 4.378980 -155.56 4.806100 -44.58 
PHASE B PHASE C 
MAG(PERCENT) ANG(DEGREE) MAG(PERCENT) ANG(DEGREE) 
6.297397 -125.51 6.297397 114.49 
CURRENT (PERCENT) 
TO PHASE A PHASE B PHASE C 
BUS MAGNITUDE ANGLE MAGNITUDE ANGLE MAGNITUDE ANGLE 
23 5.100362 43.95 4.647961 -75.12 4.957943 168.93 
K3 
22 5.099461 -163.48 4.906721 72.55 4.704107 -41 
24 5.099461 16.52 4.906721 -107.45 4.704107 138.7P 
N3 
23 5.093244 -163.48 4.901262 72.56 4.698849 -41 
25 5.093244 16.52 4.901262 -107.44 4.713779 139.23 
LOAD 0.000000 0.00 0.000000 0.00 0.039604 26.86 
24 5.089150 -163.48 4.897612 72.56 4.710258 -40.77 
26 0.354715 -94.46 O.OOOOOO O.OO O.OOOOOO O.OO 
29 5.243314 20.55 4.897612 -107.44 4.710258 139.23 
LOAD 0.039581 -94.48 0.OOOOOO 0.00 O.OOOOOO 0.00 
25 0.354963 85.43 0.000000 0.00 0.000000 0.00 
27 0.118407 -94.64 O.OOOOOO 0.00 O.OOOOOO 0.00 
28 0.118052 -94.36 O.OOOOOO 0.00 0.000000 0.00 
LOAD 0.118506 -94.72 0.OOOOOO 0.00 0.OOOOOO 0.00 
26 0.118482 85.26 O.OOOOOO O.OO O.OOOOOO O.OO 
LOAD 0.118482 -94.74 0.000000 0.00 O.OOOOOO O.OO 
26 0.118396 85.17 0.000000 0.00 0.OOOOOO O.OO 
29 O.693576 -74.59 O.689722 163.45 O.660513 45.88 
30 0.712180 -74.47 0.707486 163.48 0.678874 45.72 
31 0.751801 -74.56 0.747877 163.46 0.719320 45.08 
32 0.000000 0.00 0.747165 163.35 0.000000 0.00 
33 0.000000 0.00 0.747017 163.32 0.000000 0.00 
34 0.OOOOOO 0.00 0.746360 163.21 0.000000 O.OO 
35 O.OOOOOO 0.00 0.746305 163.20 0.000000 0.00 
36 0.000000 0.00 0.746115 163.17 0.000000 0.00 
37 O.818440 -74.80 O.816536 163.73 0.785113 44.17 
LOAD 0.118396 -94.83 O.OOOOOO O.OO 0.000000 0.00 
25 5.242419 -159.45 4.896807 72.56 4.709482 -40.78 
30 5.244075 20.59 4.896807 -107.44 4.709482 139.22 
LOAD 0.003936 -94.32 0.OOOOOO O.OO O.OOOOOO O.OO 
29 5.243146 -159.41 4.895972 72.57 4.708675 -40.78 
31 6.371487 15.20 6.256187 -109.11 6.076929 133.20 
41 1.252867 171.75 1.369829 64.88 1.479192 -66.31 
LOAD 0.006321 -94.34 0.000000 0.00 0.OOOOOO 0.00 
30 6.369793 -164.80 6.254663 70.89 6.075474 -46.80 
32 O.OOOOOO O.OO 0.236385 144.39 O.OOOOOO O.OO 
37 6.369793 15.20 6.331111 -106.92 6.075474 133.20 
LOAD 0.OOOOOO 0.00 0.015874 143.69 0.OOOOOO 0.00 
31 0.000000 0.00 0.236602 -35.76 O.OOOOOO O.OO 
33 0.OOOOOO 0.00 0.047341 144.33 0.OOOOOO 0.00 
34 0.000000 0.00 0.141688 144.43 0.000000 0.00 
LOAD O.OOOOOO O.OO 0.047578 143.58 O.OOOOOO O.OO 
N3 
00 
32 O.OOOOOO 0.00 0.047568 -36.45 0.OOOOOO O.OO 
LOAD 0.OOOOOO 0.00 0.047568 143.55 O.OOOOOO 0.00 
32 0.000000 0.00 0.142097 -36.05 0.000000 0.00 
35 O.OOOOOO 0.00 0.047440 143.71 0.OOOOOO 0.00 
36 0.OOOOOO 0.00 0.047138 144.70 0.000000 O.OO 
LOAD 0.000000 0.00 0.047526 143.44 0.000000 0.00 
34 0.000000 0.00 0.047523 -36.57 0.000000 0.00 
LOAD O.OOOOOO 0.00 0.047523 143.43 O.OOOOOO 0.00 
34 O.OOOOOO O.OO 0.047511 -36.60 O.OOOOOO 0.00 
LOAD 0.000000 0.00 0.047511 143.40 O.OOOOOO 0.00 
31 6.366786 -164.80 6.328401 73.08 6.072876 -46.80 
38 0.OOOOOO 0.00 O.OOOOOO 0.00 0.081644 25.48 
39 0.001039 15.34 0.075031 145.92 0.000908 140.26 
LOAD 0.000000 0.00 0.000000 0.00 0.027434 24.40 
CAP. 6.365747 15.20 6.350939 -106.27 6.106533 134.17 
38 O.OOOOOO 0.00 0.000000 O.OO 0.784476 44.07 
39 0.818345 -74.79 O.816375 163.70 0.785256 44.17 
40 0.OOOOOO 0.00 0.815940 163.63 0.000000 0.00 
41 0.704229 -74.12 0.696962 163.54 0.669574 46.17 
42 0.OOOOOO 0.00 0.696570 163.45 0.000000 0.00 
43 O.OOOOOO 0.00 0.696541 163.45 0.000000 0.00 
44 O.OOOOOO O.OO O.696376 163.42 O.OOOOOO O.OO 
45 0.OOOOOO 0.00 0.696363 163.41 0.OOOOOO 0.00 
46 0.000000 0.00 0.696350 163.41 0.OOOOOO 0.00 
47 0.OOOOOO O.OO O.696278 163.40 0.000000 0.00 
37 O.OOOOOO O.OO O.OOOOOO 0.00 0.082235 -155.70 
LOAD 0.OOOOOO 0.00 O.OOOOOO 0.00 0.082235 24.30 
37 0.OOOOOO -151.80 0.075233 -34.78 O.OOOOOO 17.98 
40 0.OOOOOO 0.00 0.056271 145.66 O.OOOOOO O.OO 
LOAD 0.OOOOOO 0.00 0.018969 143.93 0.OOOOOO 0.00 
39 O.OOOOOO 0.00 0.056876 -36.13 O.OOOOOO O.OO 
LOAD 0.OOOOOO 0.00 0.056876 143.87 0.000000 0.00 
30 1.254538 -8.21 1.371470 -115.11 1.480588 113.72 
42 O.OOOOOO O.OO 0.098566 147.99 O.OOOOOO O.OO 
56 1.254538 171.79 1.362865 60.67 1.480588 -66.28 
LOAD 0.OOOOOO 0.00 0.002407 143.76 O.OOOOOO 0.00 
41 0.OOOOOO 0.00 0.098821 -32.53 0.000000 0.00 
43 0.OOOOOO 0.00 0.006958 150.83 O.OOOOOO O.OO 
44 0.000000 0.00 0.084675 147.52 0.000000 0.00 
LOAD O.OOOOOO 0.00 0.007216 143.68 0.000000 0.00 
42 
LOAD 
O.OOOOOO 
O.OOOOOO 
0.00 
O.OO 
0.007216 -36.33 
0.007216 143.67 
0.000000 
O.OOOOOO 
K) 
vO 
0.00 
O.OO 
42 0. ,OOOOOO O 00 0. 084822 -32. 83 0. OOOOOO 0. 00 
45 0. OOOOOO O .00 0 ,007091 146. 60 0. OOOOOO 0 .00 
46 0. OOOOOO 0 .00 0. 006980 149. 94 0. OOOOOO 0. oo 
47 0 .oooooo 0 .00 0 ,063559 147. 33 0. OOOOOO 0 .00 
LOAD 0 oooooo 0 .00 0 .007214 143. 64 0. OOOOOO 0. 00 
44 0.000000 0.00 0.007214 -36.36 0.000000 0.00 
LOAD O.OOOOOO O.OO 0.007214 143.64 O.OOOOOO 0.00 
44 O.OOOOOO 0.00 0.007214 -36.37 0.000000 0.00 
LOAD O.OOOOOO 0.00 0.007214 143.63 0.OOOOOO 0.00 
44 0, OOOOOO 0. 00 0. 063658 -32 ,97 0 OOOOOO 0. 00 
48 0. OOOOOO 0. 00 0 .006948 151 .05 0 .000000 o. 00 
49 O. OOOOOO 0. oo o .021290 146 .39 0. oooooo 0. 00 
52 0. oooooo 0. 00 0 .028239 147. 39 0. oooooo 0. 00 
LOAD 0. oooooo 0 .00 0 .007213 143 .62 0 .oooooo 0. 00 
48 0.000000 0.00 0.696249 163.39 0.000000 0.00 
49 O.OOOOOO 0.00 0.696212 163.38 0.000000 0.00 
50 0.000000 0.00 0.696204 163.38 O.OOOOOO O.OO 
51 0.000000 0.00 0.696204 163.38 0.000000 0.00 
52 0.000000 0.00 0.696212 163.38 0.000000 0.00 
53 0.000000 0.00 0.696199 163.38 0.000000 0.00 
54 O.OOOOOO O.OO 0.696209 163.38 O.OOOOOO 0.00 
55 0.000000 0.00 0.696183 163.38 0.000000 0.00 
56 O.698142 -73.87 0.688905 163.66 0.661904 46.54 
57 0.660743 -73.43 0.647899 163.64 0.623125 47.39 
47 0.000000 0.00 0.007213 -36.39 O.OOOOOO 0.00 
LOAD 0.000000 0.00 0.007213 143.61 0.000000 0.00 
47 0.000000 0.00 0.021496 -35.33 0.000000 0.00 
50 O.OOOOOO O.OO 0.007143 145.21 O.OOOOOO O.OO 
51 0.000000 0.00 0.007143 145.21 O.OOOOOO O.OO 
LOAD 0.000000 0.00 0.007212 143.61 0.000000 0.00 
49 0.000000 0.00 0.007212 -36.39 O.OOOOOO 0.00 
LOAD 0.000000 0.00 0.007212 143.61 O.OOOOOO O.OO 
49 O.OOOOOO 0.00 0.007212 -36.39 O.OOOOOO O.OO 
LOAD 0.000000 0.00 0.007212 143.61 O.OOOOOO 0.00 
47 O.OOOOOO O.OO 0.028390 -33.64 O.OOOOOO 0.00 
53 0.000000 0.00 0.007090 146.57 O.OOOOOO 0.00 
54 O.OOOOOO 0.00 0.007177 144.40 0.000000 0.00 
55 0.000000 0.00 0.006947 151.04 0.000000 0.00 
LOAD 0.000000 0.00 0.007212 143.61 O.OOOOOO 0.00 
O 
52 0.000000 0.00 0.007212 -36.40 O.OOOOOO O.OO 
LOAD 0.000000 0.00 0.007212 143.60 0.000000 0.00 
52 0.000000 0.00 0.007212 -36.39 0.000000 0.00 
LOAD 0.000000 0.00 0.007212 143.61 0.000000 0.00 
52 O.OOOOOO 0.00 0.007212 -36.40 O.OOOOOO O.OO 
LOAD 0.000000 O.OO 0.007212 143.60 0.000000 O.OO 
41 1.255851 -8.19 1.364144 -119.32 1.481679 113.74 
57 6.552271 -168.39 6.652484 71.02 6.484298 -49.04 
LOAD 0.000000 0.00 0.000000 0.00 0.059406 26.77 
CAP. 5.387420 16.13 5.316145 -106.34 5.107779 136.54 
56 6.553727 11.61 6.653784 -108.98 6.485526 130.97 
58 0.000000 0.00 0.000000 0.00 0.028036 29.11 
60 6.553727 -168.39 6.653784 71.02 6.478753 -49.32 
LOAD 0.000000 0.00 0.000000 0.00 0.004716 27.60 
58 0.000000 0.00 0.000000 0.00 0.623063 47.37 
59 O.OOOOOO O.OO O.OOOOOO O.OO 0.623034 47.37 
60 0.641801 -73.20 0.627214 163.63 0.603651 47.87 
61 0.618651 -72.89 0.601935 163.62 0.579842 48.51 
HARMONIC ANALYSIS FOR HARMONIC ORDER 17 (FREQUENCY = 1020 HZ) 
PHASE A 
MAG(PERCENT) ANG(DEGREE) 
HARMONIC CURRENT AT BUS 61 0.334428 -111.87 
VOLTAGE (PERCENT) 
FROM PHASE A PHASE B PHASE C 
BUS MAGNITUDE ANGLE MAGNITUDE ANGLE MAGNITUDE ANGLE 
22 0.000630 139.93 0.000583 -103.66 0.000641 14.SO 
23 0.012661 167.66 0.011787 -68.86 0.012132 43.78 
24 0.017399 166.86 0.016654 -70.66 0.017202 44.43 
25 0.019914 166.55 0.019214 -71.25 0.019897 44.76 
26 0.019869 166.23 O.OOOOOO 0.00 0.000000 0.00 
57 O.OOOOOO 0.00 O.OOOOOO 0.00 0.028168 -151.69 
59 O.OOOOOO O.OO O.OOOOOO 0.00 0.014023 29.04 
LOAD 0.000000 0.00 O.OOOOOO 0.00 0.014148 27.59 
58 0.000000 0.00 0.000000 0.00 0.014147 -152.42 
LOAD O.OOOOOO O.OO O.OOOOOO 0.00 0.014147 27.58 
57 6.554433 11.61 6.654411 -108.98 6.479343 130.68 
61 6.554433 -168.39 6.649308 70.88 6.479343 -49.32 
LOAD 0.000000 0.00 0.017357 143.85 0.000000 0.00 
60 6.555269 11.61 6.650048 -109.12 6.480039 130.68 
LOAD 1.929396 -94.54 1.877264 141.97 1.808362 26.85 
PHASE B PHASE C 
MAG(PERCENT) ANG(DEGREE) MAG(PERCENT) ANG(DEGREE) 
0.334428 8.13 0.334428 128.13 
h-' 
CURRENT (PERCENT) ^ 
TO PHASE A PHASE 8 PHASE C 
BUS MAGNITUDE ANGLE MAGNITUDE ANGLE MAGNITUDE ANGLE 
23 0.114037 -129.47 0.105394 -13.06 0.115854 105.10 
22 0.116014 77.67 0.108120-158.78 0.111348 -46.22 
24 0.116014 -102.33 0.108120 21.22 0.111348 133.78 
23 0.115772 77.67 0.107914 -158.79 0.111137 -46.21 
25 O.115772 -102.33 0.107914 21.21 O.111492 134.39 
LOAD 0.000000 0.00 0.000000 0.00 0.001219 27.14 
24 0.115613 77.67 0.107776 -158.79 0.111351 -45.61 
26 0.010391 149.28 O.OOOOOO O.OO O.OOOOOO O.OO 
29 0.119762 -97.08 0.107776 21.21 0.111351 134.39 
LOAD 0.001160 149.25 0.000000 0.00 0.000000 0.00 
25 0.010399 -30.87 O.OOOOOO O.OO O.OOOOOO O.OO 
27 0.019865 166.20 0.000000 0.00 0.000000 0.00 
28 O.019848 166.08 O.OOOOOO O.OO O.OOOOOO O.OO 
29 0.020455 166.72 0.019753 -71.43 0.020409 44.80 
30 0.021002 166.89 O.020299 -71.61 0.020927 44.84 
31 O.023250 166.58 O.022503 -72.98 0.023255 45.29 
32 0.000000 0.00 0.022479 -73.13 0.000000 0.00 
33 0.OOOOOO 0.00 0.022474 -73.16 0.000000 0.00 
34 0.000000 0.00 0.022452 -73.31 O.OOOOOO 0.00 
35 O.OOOOOO 0.00 0.022450 -73.32 O.OOOOOO O.OO 
36 0.OOOOOO 0.00 0.022444 -73.36 0.000000 0.00 
27 0.003469 149.04 O.OOOOOO O.OO 0.OOOOOO 0.00 
28 0.003457 149.41 0.000000 0.00 0.000000 0.00 
LOAD 0.003473 148.93 0.OOOOOO 0.00 O.OOOOOO O.OO 
26 0.003472 -31.10 O.OOOOOO O.OO O.OOOOOO O.OO 
LOAD 0.003472 148.90 0.000000 0.00 O.OOOOOO O.OO 
26 0.003469 -31.21 O.OOOOOO O.OO O.OOOOOO O.OO 
LOAD 0.003469 148.79 0.OOOOOO 0.00 0.000000 0.00 
25 0.119727 82.93 0.107746 -158.79 0.111320 -45.61 
30 0.119773 -97.02 O.107746 21.21 0.111320 134.39 
LOAD 0.000115 149.45 O.OOOOOO O.OO O.OOOOOO 0.00 
29 0.119737 82.98 0.107714 -158.79 0.111288 -45.60 
31 0.273964 -103.84 0.264587 13.54 O.275356 135.01 
41 O.155687 70.86 0.158489 -171.66 0.164079 -44.57 
LOAD 0.000185 149.52 0.000000 0.00 0.000000 0.00 
U) 
30 0.273897 76.16 0.264530 -166.46 0.275296 -44.^ 
32 O.OOOOOO O.OO 0.007061 -89.34 O.OOOOOO O.OO 
37 0.273897 -103.84 0.266317 15.12 0.275296 135.02 
LOAD O.OOOOOO 0.00 0.000475 -90.27 O.OOOOOO O.OO 
31 O.OOOOOO 0.00 0.007069 90.46 O.OOOOOO 0.00 
33 0.000000 0.00 0.001414 -89 ..42 O.OOOOOO 0.00 
34 0.OOOOOO 0.00 0.004232 -89.28 0.OOOOOO 0.00 
LOAD O.OOOOOO O.OO O.001423 -90.43 O.OOOOOO 0.00 
32 O.OOOOOO 0.00 0.001422 89.54 O.OOOOOO 0.00 
LOAD O.OOOOOO 0.00 0.001422 -90.46 O.OOOOOO 0.00 
32 O.OOOOOO 0.00 O1004246 90.08 0.OOOOOO O.OO 
35 0.OOOOOO 0.00 0.001418 -90.24 0.OOOOOO O.OO 
36 0.OOOOOO 0.00 0.001408 -88.92 O.OOOOOO 0.00 
LOAD 0.OOOOOO 0.00 0.001421 -90.60 O.OOOOOO 0.00 
34 0.000000 0.00 0.001421 89.39 0.OOOOOO O.OO 
LOAD O.OOOOOO 0.00 0.001421 -90.61 O.OOOOOO 0.00 
37 0.026912 166.16 0.026231 -74.39 0.027152 45.77 
38 0.000000 0.00 0.000000 0.00 0.027127 45.64 
39 0.026919 166.16 0.026226 -74.43 0.027148 45.78 
40 0.000000 0.00 0.026210 -74.51 0.000000 0.00 
41 O.019562 167.65 0.018915 -70.15 0.019335 44.33 
42 O.OOOOOO 0.00 0.018904 -70.26 0.000000 0.00 
43 0.000000 0.00 0.018903 -70.26 0.000000 0.00 
44 0.000000 0.00 0.018898 -70.31 0.000000 0.00 
45 O.OOOOOO O.OO O.018898 -70.31 O.OOOOOO O.OO 
34 0.000000 0.00 0.001420 89.34 0.000000 0.00 
LOAD O.OOOOOO 0.00 0.001420 -90.66 O.OOOOOO 0.00 
31 0.273771 76.16 0.266207 -164.89 0.275182 -44.98 
38 0.000000 0.00 0.000000 0.00 0.002803 28.92 
39 0.000045 -103.57 0.002385 -89.11 O.000041 129.95 
LOAD 0.000000 0.00 0.000000 0.00 0.000943 28.47 
CAP. O.273726 -103.84 O.266803 15.61 0.276164 135.77 
37 O.OOOOOO 0.00 0.000000 0.00 0.002826 -151.66 
LOAD O.OOOOOO 0.00 O.OOOOOO 0.00 0.002826 28.34 
37 O.OOOOOO -114.55 O.002399 90.00 O.OOOOOO 111.31 
40 0.000000 0.00 0.001794 -89.41 0.000000 0.00 
LOAD 0.000000 0.00 0.000606 -91.72 O.OOOOOO O.OO 
39 O.OOOOOO O.OO 0.001816 88.19 O.OOOOOO 0.00 
LOAD 0.000000 0.00 0.001816 -91.81 0.000000 0.00 
(jj 
00 
30 0.155756 -109.14 0.158547 8.34 0.164140 135.43 
42 0.OOOOOO O.OO 0.002653 -81.78 0.000000 0.00 
56 0.155756 70.86 0.158558 -172.64 0.164140 -44.57 
LOAD 0.000000 O.OO 0.000065 -87.45 O.OOOOOO O.OO 
41 0.OOOOOO O.OO 0.002660 97.52 O.OOOOOO 0.00 
43 O.OOOOOO 0.00 0.000188 -77.09 O.OOOOOO 0.00 
44 O.OOOOOO 0.00 0.002279 -82.42 O.OOOOOO O.OO 
LOAD 0.OOOOOO 0.00 0.000195 -87.56 0.000000 0.00 
42 0.000000 0.00 0.000195 92.44 0.000000 0.00 
LOAD O.OOOOOO 0.00 0.000195 -87.56 0.OOOOOO 0.00 
42 O.OOOOOO 0.00 0.002283 97.12 O.OOOOOO O.OO 
45 O.OOOOOO 0.00 O.000191 -83.65 0.000000 0.00 
46 O.OOOOOO 0.00 0.000188 -79.18 0.000000 0.00 
47 O.OOOOOO O.OO 0.001711 -82.66 O.OOOOOO O.OO 
LOAD 0.000000 0.00 0.000195 -87.61 0.000000 0.00 
44 0.000000 0.00 0.000195 92.39 0.000000 0.00 
LOAD O.OOOOOO 0.00 0.000195 -87.61 0.OOOOOO 0.00 
46 0.000000 0.00 0.018898 -70.32 0.000000 0.00 
47 0.000000 0.00 0.018896 -70.34 O.OOOOOO O.OO 
48 0.000000 0.00 0.018895 -70.34 0.000000 0.00 
49 O.OOOOOO O.OO O.018894 -70.35 O.OOOOOO O.OO 
50 0.000000 0.00 0.018894 -70.35 0.000000 0.00 
51 0.000000 0.00 0.018894 -70.35 0.000000 0.00 
52 0.000000 0-00 0.018894 -70.35 0.000000 0.00 
53 O.OOOOOO O.OO O.018893 -70.36 0.000000 0.00 
54 0.OOOOOO O.OO 0.018894 -70.35 0.OOOOOO 0.00 
55 O.OOOOOO O.OO 0.018893 -70.36 O.OOOOOO O.OO 
56 0.018408 168.33 0.017834 -68.73 0.018079 43.83 
44 O.OOOOOO 0.00 O.000195 92.38 O.OOOOOO O.OO 
LOAD O.OOOOOO 0.00 0.000195 -87.62 O.OOOOOO 0.00 
44 0.000000 0.00 0.001713 96.93 O.OOOOOO 0.00 
48 0.000000 0.00 0.000187 -77.69 0.000000 0.00 
49 O.OOOOOO O.OO 0.000573 -83.93 O.OOOOOO O.OO 
52 0.000000 0.00 0.000760 -82.59 0.000000 0.00 
LOAD 0.000000 0.00 0.000195 -87.63 0.OOOOOO 0.00 
47 0.000000 O.OO 0.000195 92.36 O.OOOOOO O.OO 
LOAD O.OOOOOO 0.00 0.000195 -87.64 0.OOOOOO 0.00 
47 O.OOOOOO 0.00 0.000579 93.77 O.OOOOOO O.OO 
50 0.000000 0.00 0.000192 -85.51 0.000000 0.00 
51 O.OOOOOO O.OO 0.000192 -85.51 O.OOOOOO O.OO 
LOAD 0.000000 0.00 0.000195 -87.65 0.000000 0.00 
49 0.000000 0.00 0.000195 92.35 O.OOOOOO 0.00 
LOAD 0.000000 0.00 0.000195 -87.65 0.OOOOOO O.OO 
(jO 
4>-49 0.OOOOOO 0.00 0.000195 92.35 O.OOOOOO O.OO 
LOAD O.OOOOOO O.OO 0.000195 -87.65 O.OOOOOO O.OO 
47 0.000000 O.OO 0.000764 96.03 O.OOOOOO O.OO 
53 0.000000 0.00 0.000191 -83.69 0.000000 0.00 
54 0.000000 0.00 0.000193 -86.59 0.000000 0.00 
55 0.OOOOOO 0.00 0.000187 -77.70 O.OOOOOO 0.00 
LOAD 0.000000 0.00 0.000195 -87.65 0.000000 0.00 
52 0.000000 0.00 0.000195 92.34 0.000000 0.00 
LOAD O.OOOOOO O.OO 0.000195 -87.66 O.OOOOOO O.OO 
52 O.OOOOOO O.OO 0.000195 92.35 O.OOOOÛO O.OO 
LOAD 0.000000 0.00 0.000195 -87.65 O.OOOOOO 0.00 
52 0.000000 0.00 0.000195 92.34 0.000000 0.00 
LOAD 0.000000 0.00 0.000195 -87.66 0.000000 0.00 
41 0.155807 -109.14 0.158600 7.37 0.164186 135.43 
57 O.015901 169.35 0.015260 -66.35 O.015317 43.16 
58 O.OOOOOO 0.00 0.000000 0.00 0.015316 43.15 
59 0.000000 0.00 0.000000 0.00 0.0 5315 43.14 
60 0.014639 169.98 0.013970 -64.81 0.013925 42.74 
61 0.013095 170.93 0.012410 -62.49 0.012222 42.09 
HARMONIC ANALYSIS FOR HARMONIC ORDER 19 (FREQUENCY = 1140 HZ) 
PHASE A 
MAG(PERCENT) ANG(DEGREE) 
HARMONIC CURRENT AT BUS 61 0.236967 -102.56 
VOLTAGE (PERCENT) 
FROM PHASE A PHASE B PHASE C 
BUS MAGNITUDE ANGLE MAGNITUDE ANGLE MAGNITUDE ANGLE 
22 0.000371 -158.65 0.000343 82.71 0.000365 -34.25 
23 0.007314 173.88 0.007084 50.82 0.006878 -63.30 
24 O.010054 173.08 0.010029 51.60 0.009692 -65.12 
57 O.340841 74.93 0.336088 -165.24 0.346098 -45.66 
LOAD O.OOOOOO O.OO O.OOOOOO O.OO 0.001613 26.54 
CAP. 0.185754 -101.67 0.179967 21.27 0.182442 133.83 
56 0.340890 -105.07 0.336129 14.76 0.346140 134.33 
58 0.000000 0.00 0.000000 0.00 0.000684 27.87 
60 0.340890 74.93 0.336129 -165.24 0.345911 -45.79 
LOAD O.OOOOOO 0.00 0.000000 0.00 0.000115 25.86 
57 0.000000 0.00 0.000000 0.00 0.000688 -153.19 
59 O.OOOOOO O.OO 0.000000 0.00 0.000342 27.78 
LOAD O.OOOOOO O.OO O.OOOOOO O.OO 0.000346 25.84 
58 O.OOOOOO O.OO O.OOOOOO O.OO O.000346 -154.17 
LOAD 0.000000 0.00 0.OOOOOO 0.00 0.000346 25.83 
57 0.340913 -105.07 0.336147 14.76 0.345930 134.21 
61 0.340913 74.93 0.336101 -165.30 0.345930 -45.79 
LOAD O.OOOOOO 0.00 0.000384 -82.12 O.OOOOOO O.OO 
U> 
Ui 
60 O.340937 -105.07 O.336121 14.70 O.345950 134.21 
LOAD 0.040556 152.31 0.038435 -81.11 0.037852 23.47 
PHASE B : PHASE C 
MAG(PERCENT) ANG(DEGREE) MAG(PERCENT) ANG(DEGREE) 
O.236967 137.44 0.236967 17.44 
CURRENT (PERCENT) 
TO PHASE A PHASE 8 PHASE C 
BUS MAGNITUDE ANGLE MAGNITUDE ANGLE MAGNITUDE ANGLE 
23 0.059967 -68.12 0.055514 173.24 0.059046 56.28 
22 0.059977 83.89 0.058172 -39.17 0.056441 -153.22 
24 0.059977 -96.11 0.058172 140.83 O.056441 26.78 
23 0.059821 83.89 0.058034 -39.16 0.056307 -153.23 
25 0.059821 -96.11 0.058034 140.84 0.056528 27.42 
25 O.011490 172.80 O.011591 51.82 O.011190 -65.58 
26 0.011463 172.45 0.000000 0.00 0.000000 0.00 
27 0.011460 172.41 0.OOOOOO 0.00 0.OOOOOO 0.00 
28 0.011450 172.29 0.000000 0.00 0.OOOOOO 0.00 
29 0.011801 173.01 0.011885 51.84 0.011507 -65.75 
30 0.012115 173.21 0.012183 51.86 0.011827 -65.91 
31 0.013860 172.75 O.013995 52.44 0.013546 -67.62 
32 0.000000 0.00 0.013979 52.27 0.000000 0.00 
33 O.OOOOOO 0.00 0.013976 52.23 0.000000 0.00 
34 0.OOOOOO 0.00 0.013961 52.07 0.000000 0.00 
LOAD 0.000000 0.00 0.OOOOOO O.OO 0.000683 -81.86 
24 0.059719 83.89 0.057943 -39.15 0.056439 -152.58 
26 0.005958 156.10 O.OOOOOO 0.00 O.OOOOOO O.OO 
29 0.062064 -90.28 0.057943 140.85 0.056439 27.42 
LOAD 0.000665 156.07 0.000000 0.00 0.000000 0.00 
25 0.005963 -24.07 0.OOOOOO 0.00 O.OOOOOO 0.00 
27 0.001989 155.83 O.OOOOOO 0.00 O.OOOOOO O.OO 
28 0.001982 156.26 O.OOOOOO 0.00 0.000000 O.OO 
LOAD 0.001991 155.71 0.000000 0.00 O.OOOOOO 0.00 
26 0.001991 -24.32 O.OOOOOO 0.00 0.000000 0.00 
LOAD 0.001991 155.68 O.OOOOOO 0.00 O.OOOOOO 0.00 
26 0.001989 -24.45 O.OOOOOO O.OO O.OOOOOO O.OO 
LOAD 0.001989 155.55 0.000000 0.00 0.000000 0.00 
W 
o\ 
25 0.062041 89.72 0.057922 -39.15 0.056419 -152.58 
30 0.062068 -90.22 0.057922 140.85 0.056419 27.42 
LOAD 0.000066 156.29 O.OOOOOO O.OO O.OOOOOO 0.00 
29 O.062045 89.78 0.057901 -39.15 0.056398 -152.58 
31 0.190952 -97.91 0.192215 141.71 0.185737 19.66 
41 0.129711 78.37 0.134323 -37.92 0.130077 -163.69 
LOAD 0.000106 156.40 O.OOOOOO 0.00 O.OOOOOO 0.00 
30 0.190908 82.08 0.192175 -38.29 0.185698 -160.34 
32 0.OOOOOO 0.00 0.004363 36.76 0.OOOOOO 0.00 
37 0.190908 -97.92 0.193434 143.05 0.185698 19.66 
LOAD O.OOOOOO O.OO 0.000293 35.71 0.000000 0.00 
31 O.OOOOOO 0.00 0.004367 -143.47 O.OOOOOO 0.00 
33 0.OOOOOO 0.00 0.000874 36.67 0.000000 0.00 
34 O.OOOOOO 0.00 0.002614 36.83 0.000000 0.00 
LOAD O.OOOOOO 0.00 0.000879 35.53 O.OOOOOO O.OO 
32 O.OOOOOO 0.00 0.000879 -144.50 O.OOOOOO 0.00 
LOAD 0.000000 0.00 0.000879 35.50 O.OOOOOO 0.00 
35 O.OOOOOO 0.00 0.013960 52.06 0.000000 0.00 
36 0.OOOOOO 0.00 0.013956 52.01 0.000000 O.OO 
37 0.016784 172.08 0.017041 53.49 0.016378 -69.68 
38 O.OOOOOO O.OO 0.000000 0.00 0.016362 -69.82 
39 0.016780 172.10 0.017037 53.45 0.016382 -69.67 
40 0.OOOOOO 0.00 0.017026 53.35 0.000000 0.00 
41 0.010781 174.29 0.010740 51.07 0.010546 -63.81 
42 0.OOOOOO 0.00 0.010734 50.95 0.000000 0.00 
43 0.OOOOOO 0.00 0.010734 50.94 O.OOOOOO 0.00 
44 0.000000 0.00 0.010731 50.89 0.000000 0.00 
32 0. ,OOOOOO 0. 00 0. 002624 -143. 90 0. OOOOOO 0. 00 
35 0. OOOOOO 0. 00 0. 000876 35. 75 0. OOOOOO 0. OO 
36 0. OOOOOO 0. 00 0. 000869 37. 24 0. OOOOOO 0. 00 
LOAD 0 .OOOOOO 0. 00 0. 000878 35. ,34 0. OOOOOO 0. 00 
34 0. OOOOOO 0. 00 0. 000878 -144. 68 0. OOOOOO 0 .00 
LOAD 0. OOOOOO 0. 00 0. 000878 35. 32 0. OOOOOO 0. 00 
34 0. OOOOOO 0. 00 0. 000878 -144. 72 0. OOOOOO 0. 00 
LOAD 0, .OOOOOO 0. 00 0 .000878 35 .28 0 OOOOOO 0 .00 
31 0 .190823 82 .08 0 .193356 -36 .95 0 .185623 -160 .34 
38 0 OOOOOO O. OO 0 .OOOOOO 0 .00 0 .001679 -84 .77 
39 0 .000031 -97 .52 0 .001544 39 .71 0 .000028 26 .51 
LOAD 0 .OOOOOO 0. 00 0 .OOOOOO 0 .00 0 .000565 -86 .41 
CAP. 0 .190792 -97. 92 0 . 193718 143 .49 O .186183 20 . 32 
37 0 .OOOOOO 0 .00 0 .OOOOOO 0 .00 0 .001694 93 .44 
LOAD 0 .OOOOOO 0 .00 0 .OOOOOO 0 .00 0 .001694 -86 .56 
M 
(JO 
37 O.OOOOOO 87.81 0.001548 -141.34 0.000000 -14.27 
40 0.000000 0.00 0.001157 39.32 O.OOOOOO 0.00 
LOAD 0.000000 0.00 0.000391 36.72 O.OOOOOO 0.00 
39 0.000000 0.00 0.001172 -143.38 0.000000 0.00 
LOAD O.OOOOOO 0.00 0.001172 36.62 O.OOOOOO 0.00 
30 0. 129755 -101 . 63 0. 134362 142. 08 0. 130115 16. 31 
42 0. OOOOOO 0. 00 0. 001495 40. 74 0. OOOOOO 0. 00 
56 0. 129755 78. 37 0. 134065 -38. 56 0. 130115 -163. 69 
LOAD 0. ,OOOOOO 0. 00 o. 000037 34. 33 0. OOOOOO 0. OO 
41 O. ,OOOOOO 0. OO 0. 001499 -140, .06 0. OOOOOO o. OO 
43 0. OOOOOO 0 .00 0 000106 45, .02 0. OOOOOO 0 .00 
44 0. OOOOOO 0. 00 0. 001285 40, .01 0. ,OOOOOO 0 .00 
LOAD O. OOOOOO 0, .00 0 OOOI10 34 .21 0. OOOOOO 0 OO 
42 O .OOOOOO 0 OO 0 .000110 -145 .80 O, .OOOOOO o OO 
LOAD 0 OOOOOO 0 .00 0 .000110 34 .20 0, .OOOOOO 0, .00 
45 0.000000 0.00 0.010731 50.89 0.000000 0.00 
46 0.000000 0.00 0.010731 50.88 0.000000 0.00 
47 0.000000 0.00 0.010729 50.86 0.000000 0.00 
48 0.000000 0.00 0.010729 50.85 O.OOCOOO 0.00 
49 0.000000 0.00 0.010728 50.84 0.000000 0.00 
50 O.OOOOOO 0.00 0.010728 50.84 O.OOOOOO O.OO 
51 0.000000 O.OO 0.010728 50.84 O.OOCOOO O.OO 
52 0.000000 0.00 0.010728 50.84 0.OOOOOO 0.00 
53 O.OOOOOO O.OO 0.010728 50.84 O.OOOOOO 0.00 
42 0. OOOOOO 0. oo o. 0012S7 -140. 51 O. OOOOOO 0. 00 
45 0. OOOOOO 0. 00 0. 000108 38. 62 0. OOOOOO 0. 00 
46 0. OOOOOO 0. 00 0. 000106 43. 68 0. OOOOOO 0. 00 
47 0. OOOOOO 0. 00 0. 000964 39. 73 0. OOOOOO 0. oo 
LOAD 0. OOOOOO 0. 00 o. 000110 34. 15 0. OOOOOO 0. 00 
44 0. OOOOOO 0. oo 0. 000110 -145. 86 0. OOOOOO 0. 00 
LOAD 0. OOOOOO 0. 00 0. 000110 34. 14 0. OOOOOO 0. 00 
44 0. OOOOOO 0, 00 0. 000110 -145. 86 0. OOOOOO 0. 00 
LOAD 0. OOOOOO 0. oo 0. 000110 34. 14 0. OOOOOO 0. oo 
44 O. OOOOOO o. oo o. 0009G6 -140. 73 0. OOOOOO o. oo 
48 0. ,OOOOOO 0 .00 0. 000106 45. ,36 0. OOOOOO 0. ,00 
49 0. OOOOOO o oo 0. 000323 38. 30 o. OOOOOO 0. oo 
52 0. ,OOOOOO 0 .00 o. 000428 39 ,82 0 OOOOOO 0. ,00 
LOAD 0. ,OOOOOO 0 ,00 0. 000110 34. , 12 0. OOOOOO 0. ,00 
47 0. •OOOOOO 0 .00 0. ,000110 -145. ,89 0. OOOOOO 0. ,00 
LOAD O. •OOOOOO o oo 0 .000110 34. , 11 0 OOOOOO 0. ,00 
H-' 
w 00 
47 O .OOOOOO 0 .00 0 .000327 -144, .29 0 .OOOOOO o. ,00 
50 0 .OOOOOO 0 .00 0 .000109 36. 52 o OOOOOO 0, oo 
51 0 .OOOOOO 0 oo 0 .000109 36 .52 o •OOOOOO 0, .00 
LOAD 0 .OOOOOO 0 oo o .000110 34, .10 0 OOOOOO o oo 
49 0 , OOOOOO 0 .00 0 OOOI10 -145 .90 o .OOOOOO 0, oo 
LOAD 0 .OOOOOO 0 .00 0 .000110 34 . 10 0 .000000 0 .00 
49 0 .000000 0 .00 0 .000110 -145 .90 0 .000000 0 .00 
LOAD 0 .OOOOOO 0 .00 0 .000110 34 . 10 0 OOOOOO 0 .00 
47 0 .000000 0 .00 o .000431 -141 .74 0 .000000 0 .00 
53 0 .OOOOOO 0 .oo 0 OOOI08 38 .57 0 OOOOOO 0 .00 
54 0 .OOOOOO 0 oo o .000109 35 .30 0 .000000 0 .00 
55 0 .OOOOOO o .00 0 .000106 45 .34 o .OOOOOO 0 .00 
LOAD 0 .OOOOOO 0 .00 0 .000110 34 . 10 0 .000000 0 .00 
52 0 .OOOOOO 0 .00 0 .000110 -145 .90 0 .000000 0 .00 
LOAD 0 .OOOOOO 0 .00 0 .000110 34 . 10 0 .000000 0 .00 
54 0.000000 0.00 0.010728 50.84 0.000000 0.00 
55 O.OOOOOO O-OO 0.010728 50.83 G.OOOGOO O.OO 
56 0.009730 175.33 0.009601 50.38 0.009535 -61.74 
57 0.007781 176.98 0.007453 49.26 0.007528 -57.93 
58 0.000000 0.00 0.000000 0.00 0.007527 -57.95 
59 0.000000 0.00 O.OOOOOO 0.00 0.007527 -57.96 
60 0.006799 178.17 0.006370 48.40 0.006534 -55.10 
61 0.005603 -179.82 0.005049 46.87 0.005347 -50.22 
HARMONIC ANALYSIS FOR HARMONIC ORDER 23 (FREQUENCY = 1380 HZ) 
PHASE A 
MAG(PERCENT) ANG(DEGREE) 
HARMONIC CURRENT AT BUS 61 1.169072 5.00 
VOLTAGE (PERCENT) 
FROM PHASE A PHASE B PHASE C 
BUS MAGNITUDE ANGLE MAGNITUDE ANGLE MAGNITUDE ANGLE 
52 O.OOOOOO 0.00 0.000110 -145.90 O.OOOOOO O.OO 
LOAD 0.000000 0.00 0.000110 34.10 O.OOOOOO 0.00 
52 0.000000 0.00 0.000110 -145.91 0.000000 O.OO 
LOAD 0.000000 0.00 0.000110 34.09 0.000000 O.OO 
41 0.129786 -101.63 0.134092 141.44 0.130141 16.31 
57 0.239087 81.56 0.242361 -39.03 0.236250 -158.49 
LOAD 0.000000 0.00 0.000000 0.00 0.000845 -78.48 
CAP. 0.109740 -94.67 0.108279 140.38 0.107536 28.26 
56 0.239115 -98.44 0.242385 140.97 O.236274 21.52 
58 O.OOOOOO 0.00 O.OOOOOO 0.00 0.000334 -72.40 
60 0.239115 81.56 0.242385 -39.03 0.236245 -158.58 
LOAD O.OOOOOO 0.00 0.000000 O.OO 0.000056 -74.68 
57 0.000000 0.00 0.000000 0.00 0.000336 106.39 
59 0.000000 0.00 0.000000 0.00 0.000167 -72.50 
LOAD O.OOOOOO 0.00 0.000000 0.00 0.000169 -74.70 
U) 
vD 
58 0.000000 O.OO 0.000000 0.00 0.000169 105.29 
LOAD O.OOOOOO O.OO O.OOOOOO O.OO 0.000169 -74.71 
57 0.239127 -98.44 0.242395 140.97 0.236255 21.42 
61 0.239127 81.56 0.242338 -39.07 0.236255 -158.58 
LOAD 0.000000 0.00 0.000174 31.66 0.000000 0.00 
60 O.239139 -98.44 O.242348 140.93 O.236265 21.42 
LOAD 0.017270 162.28 0.015562 28.96 0.016481 -68.13 
PHASE B PHASE C 
MAG(PERCENT) ANG(DEGREE) MAG(PERCENT) ANG(DEGREE) 
1.169072 125.00 1.169072 -115.00 
CURRENT (PERCENT) 
TO PHASE A PHASE B PHASE C 
BUS MAGNITUDE ANGLE MAGNITUDE ANGLE MAGNITUDE ANGLE 
22 0.001317 -no.28 0.001215 6.04 0.001339 124.16 
23 0.026319 -82.35 0.024833 40.82 0.025250 152.75 
24 0.035895 -82.79 0.035101 39.11 O.035554 153.24 
25 0.040974 -82.99 0.040487 38.55 0.041032 153.57 
26 0.040864 "83.41 0.000000 0.00 0.000000 0.00 
27 0.040853 -83.45 O.OOOOOO O.OO O.OOOOOO O.OO 
28 0.040814 -83.60 0.000000 O.OO O.OOOOOO 0.00 
29 0.042081 -82.73 0.041634 38.35 0.042051 153.60 
30 0.043201 -82.47 0.042794 38.16 0.043080 153.63 
31 0.053747 -85.14 0.052466 35.99 0.056128 155.71 
32 0.000000 0.00 0.052401 35.79 0.000000 0.00 
23 0. 176089 -19. 84 0. 162429 96. 48 0. 178949 -145. 40 
22 O. 178197 -172 . 33 o. 168451 -49. ID O. 171271 62. 71 
24 O. 178197 7 . 67 0. 168451 130. 90 0. 171271 -117, 29 
23 0. 177515 -172. 32 0. 167867 -49. 12 0. 170677 62, 73 
25 0. 177515 7. 68 0. 167867 130. 88 0. 171350 -1 16. 48 
LOAD 0. OOOOOO 0. 00 0. OOOOOO 0. 00 0. 002456 137 , 22 
24 0. 177069 -172. 32 o. 167478 -49, .13 O. 170955 63, .53 
26 0. 020822 -98. 95 0. OOOOOO 0, .00 0. OOOOOO 0. OO 
29 0. 185031 14. 56 0. 167478 130. 87 0. 170955 -116. 47 
LOAD O. 002327 -99. 02 0, OOOOOO O, .00 0. OOOOOO O. 00 
25 0. 020843 80. 84 0. OOOOOO 0, .00 0. OOOOOO 0. 00 
27 0. 006955 -99, 29 0. OOOOOO 0, .00 0. OOOOOO 0. 00 
28 0. 006925 -98, 76 0, OOOOOO 0, ,00 O, OOOOOO O. OO 
LOAD 0. 006963 -99. 44 0. OOOOOO 0, 00 0. OOOOOO 0 00 
o 
26 0. 006962 80, ,52 o. OOOOOO O ,00 o. OOOOOO O OO 
LOAD 0. ,006962 -99. 48 0, OOOOOO 0. ,00 0. OOOOOO 0 ,00 
26 0 ,006955 80. ,37 0, .OOOOOO 0 .00 0, OOOOOO 0 .00 
LOAD 0 .006955 -99. ,63 0, OOOOOO 0 .00 0. ,OOOOOO 0 .00 
25 o . 184934 -165. ,43 0, 167392 -49 . 13 o. ,170868 63 .53 
30 0, .185026 14. ,63 0, , 167392 130 .87 0 ,170868 -116 .47 
LOAD 0 .000231 -98 .73 0 .OOOOOO 0 .00 0 OOOOOO 0 .00 
29 0 .184925 -165 .36 0 .167303 -49 . 13 o .170777 63 .53 
31 0 .980429 2 . 15 0 ,941666 122 .78 1 .070823 -113 .02 
41 0 .800822 179 .27 0 ,776386 -58 .96 0 .900412 67 .63 
LOAD 0 .000372 -98 .56 o •OOOOOO O OO 0 .OOOOOO 0 .00 
30 o .980229 -177 .85 0 .941492 -57 .22 1 .070642 66 .98 
32 o .OOOOOO 0 OO o .016020 21 .29 o .OOOOOO 0 .OO 
37 0 .980229 2 . 15 0 .945069 123 .79 1 .070642 -113 .02 
LOAD 0 .OOOOOO 0 .00 0 .001079 19 .96 0 .OOOOOO 0 .00 
33 O.OOOOOO O.OO O.052387 35.74 O.OOOOOO O.OO 
34 0.000000 0.00 0.052327 35.55 0.000000 0.00 
35 0.000000 0.00 0.052322 35.54 0.000000 0.00 
36 O.OOOOOO 0.00 0.052304 35.48 0.000000 0.00 
37 O.071191 -87.85 O.068744 34.15 0.077950 157.52 
38 0.000000 0.00 0.000000 0.00 0.077866 157.35 
39 0.071214 -87.84 0.068726 34.10 0.077939 157.54 
40 0.OOOOOO 0.00 0.068679 33.99 0.000000 0.00 
41 0.033825 -77.11 0.034355 41.42 0.030636 149.44 
42 0.OOOOOO 0.00 0.034336 41.27 0.000000 0.00 
31 O. OOOOOO 0. 00 O. 016041 -158. 99 0. OOOOOO 0. OO 
33 0. OOOOOO 0. 00 0. 003210 21 . 17 0. OOOOOO 0. 00 
34 O. OOOOOO o. OO 0. 009599 21 . 37 0. OOOOOO 0. OO 
LOAD 0. OOOOOO 0. 00 0. 003233 19. 76 0. OOOOOO 0. 00 
32 0. OOOOOO 0. 00 0. 003232 -160. 28 0. OOOOOO 0. 00 
LOAD 0. OOOOOO 0. 00 0. 003232 19. 72 0. OOOOOO 0. 00 
32 0. OOOOOO 0. OO 0. 009638 -159. 52 0. OOOOOO 0. 00 
35 0. OOOOOO 0. 00 0. 003220 20. 03 0 OOOOOO 0. ,00 
36 0. OOOOOO 0. OO 0. 003191 21 . 89 0 OOOOOO 0. 00 
LOAD 0. OOOOOO o. 00 0. 003229 19. 53 0 OOOOOO 0. OO 
34 0. OOOOOO 0. 00 0. 003228 -160. 49 O .000000 0. OO 
LOAD 0. . OOOOOO 0 OO 0. 003228 19. 51 0. OOOOOO 0. 00 
34 0. ,OOOOOO 0. 00 0. 003227 -160. 54 0 .OOOOOO 0 .00 
LOAD 0 .000000 0 .00 0, 003227 19, .46 0 .000000 0 .00 
31 0 .979807 -177 .85 0, .944692 -56, .21 1 ,070242 66 
f-
1—' 
.98 
38 0 OOOOOO 0 .00 0. OOOOOO 0, OO 0 .007827 143 .54 
39 0 .000159 4 .35 0 .006070 21 .78 0 ,000154 -118 .84 
LOAD 0 OOOOOO 0 .00 0 OOOOOO 0, .00 0 ,002639 141 , .50 
CAP. 0 .979648 2 . 15 o .945974 124 . 15 1 .072661 -112 .48 
37 0 .OOOOOO 0 .00 0 .OOOOOO 0 .00 0 .007909 -38 .68 
LOAD 0 OOOOOO 0 .00 0 .OOOOOO 0 .00 O .007909 141 .32 
37 0 .000000 -27 .64 0 .006115 -159 .51 0 .000000 36 .72 
40 0 .OOOOOO 0 .00 0 .004569 21 .31 0 .OOOOOO 0 .00 
LOAD 0 .OOOOOO 0 .00 0 .001547 18 .08 0 .OOOOOO 0 .00 
39 0 .OOOOOO 0 .00 0 .004639 -162 .04 0 .000000 0 .00 
LOAD 0 .OOOOOO 0 .00 0 .004639 17 .96 0 .000000 0 .00 
30 0 .800999 -0 .73 o .776538 121 .04 0 .900565 -112 .37 
42 0 .OOOOOO 0 .00 0 .004679 33 .36 0 .OOOOOO 0 .00 
56 0 .800999 179 .27 0 .776731 -59 .31 0 .900565 67 .63 
LOAD 0 .OOOOOO 0 .00 0 .000115 25 .38 0 .000000 0 .00 
43 O.OOOOOO 0.00 O.034334 41.26 0.000000 0.00 
44 O.OOOOOO 0.00 O.034326 41.20 0.000000 O.OO 
45 0.000000 0.00 0.034325 41.20 0.OOOOOO 0.00 
46 O.OOOOOO O.OO 0.034324 41.19 O.OOOOOO O.OO 
47 0.000000 0.00 0.034321 41.17 0.000000 0.00 
48 0.000000 0.00 0.034319 41.16 0.000000 0.00 
49 0.OOOOOO 0.00 0.034317 41.15 0.OOOOOO 0.00 
50 O.OOOOOO 0.00 0.034316 41.14 0.000000 0.00 
51 O.OOOOOO 0.00 0.034316 41.14 0.000000 O.OO 
52 0.OOOOOO 0.00 0.034317 41.14 0.OOOOOO 0.00 
41 0. OOOOOO 0. 00 o. 004691 -147. 63 0. OOOOOO 0. 00 
43 0. OOOOOO 0. 00 0. 000332 38. 69 0. OOOOOO 0. 00 
44 0. OOOOOO 0. 00 0. 004019 32. ,46 0. OOOOOO 0. 00 
LOAD 0. OOOOOO 0. oo 0. ,000345 25. ,24 O. OOOOOO 0. 00 
42 0 .OOOOOO 0 00 0 .000345 -154 .77 0 OOOOOO 0 .00 
LOAD 0 OOOOOO 0. 00 0. 000345 25 .23 0 OOOOOO 0 .00 
42 0, .000000 0. 00 0. 004026 -148, .19 0 .000000 0. 00 
45 0 .OOOOOO 0 oo o .000337 30 .73 0 OOOOOO 0 .00 
46 0 OOOOOO 0. 00 0 .000332 37 .02 0 OOOOOO 0 .00 
47 0 .000000 0 .00 0 .003017 32 . 12 0 .000000 0 .00 
LOAD 0 OOOOOO 0 .00 0 .000345 25 . 17 0 OOOOOO 0 .00 
44 O .OOOOOO o oo 0 .000345 -154 .83 O .OOOOOO 0 .00 
LOAD O .OOOOOO 0 .00 0 .000345 25 . 17 0 .000000 0 .00 
44 0.OOOOOO 0.00 0.000345 -154.84 0.000000 O.OO 
LOAD 0.000000 0.00 0.000345 25.16 O.OOOOOO 0.00 
N3 
44 0. OOOOOO 0. ,00 0. 003022 -148. 46 0. OOOOOO 0. ,00 
48 0. ,OOOOOO 0. ,00 0. ,000331 39. . 12 O. OOOOOO 0. ,00 
49 0. OOOOOO 0. ,00 0. 001011 30. 33 0. OOOOOO 0. 00 
52 0. ,OOOOOO 0, 00 o. 001340 32. 23 0. OOOOOO 0. oo 
LOAD 0. ,OOOOOO 0. ,00 0. 000344 25. . 14 0. OOOOOO 0. ,00 
47 0. OOOOOO 0 ,00 0. ,000344 -154. 87 0. ,OOOOOO 0. oo 
LOAD 0. OOOOOO 0 .00 0. 000344 25 . 13 0 OOOOOO 0. 00 
47 0. OOOOOO 0 .00 0. ,001024 -152 .89 0, .OOOOOO 0. ,00 
50 0. ,OOOOOO 0 00 0. ,000340 28 . 11 O. OOOOOO 0. oo 
51 0, .OOOOOO 0 .00 0, 000340 28 . 11 0, OOOOOO 0. ,00 
LOAD 0, OOOOOO 0 .00 0, .000344 25, . 11 0, OOOOOO 0. ,00 
49 0, .OOOOOO 0 .00 0, .000344 -154, .89 0 .OOOOOO 0 .00 
LOAD O .OOOOOO o .00 0 .000344 25 . 11 O OOOOOO 0, oo 
49 O .OOOOOO 0 .00 0 .000344 -154 .89 0, .OOOOOO 0, .00 
LOAD 0, .OOOOOO 0 .00 0 .000344 25 . 11 0 .000000 0 oo 
53 O.OOOOOO O.OO O.03431G 
54 0.000000 0.00 0.034317 
55 0.OOOOOO 0.00 0.034316 
56 0.026689 -70.22 0.027792 
57 0.016322 -59.21 0.016381 
58 0.000000 0.00 O.OOOOOO 
59 O.OOOOOO 0.00 O.OOOOOO 
60 0.011620 -46.42 0.011329 
61 0.007746 -11.62 O.007866 
HARMONIC ANALYSIS FOR HARMONIC ORDER 
41.14 O.OOOOOO O.OO 
41.14 0.OOOOOO 0.00 
41.13 O.OOOOOO O.00 
45.55 0.021013 142.57 
57.76 0.009328 123.64 
0.00 0.009327 123.62 
0.00 0.009326 123.61 
72.96 0.005276 82.95 
114.93 0.008055 15.42 
25 (FREQUENCY = 1500 HZ) 
47 0. OOOOOO 0. OO O. 001348 -149. 72 O. OOOOOO 0. 00 
53 0. OOOOOO 0. 00 0. 000337 30. 67 0. OOOOOO 0. 00 
54 0. OOOOOO 0. 00 0. 000342 26. 60 0. OOOOOO 0. 00 
55 0. OOOOOO O. 00 0. 000331 39. 09 0. OOOOOO 0. OO 
LOAD O. OOOOOO 0. OO 0. 000344 25. 11 0. OOOOOO 0. OO 
52 0. OOOOOO 0. 00 0. 000344 -154. 89 0. OOOOOO 0. 00 
LOAD 0. OOOOOO 0. 00 O. , 000344 25. 11 O. OOOOOO 0. OO 
52 0. ,OOOOOO 0. 00 O. 000344 -154. 89 0. OOOOOO 0. 00 
LOAD 0. ,OOOOOO 0. 00 O. , 000344 25. 11 O. OOOOOO 0. OO 
52 0. ,OOOOOO 0. OO 0 . 000344 -154. 90 0. OOOOOO 0. 00 
LOAD 0 OOOOOO 0. 00 0 .000344 25. .10 0 .000000 0. 00 
41 0 .801109 -0. 73 0 .776822 120 .69 0 .900652 -112 .37 
57 1 , .149494 -174. 35 1 . 147717 -54. 44 1 ,179205 63 .93 
LOAD 0 OOOOOO 0. 00 0. OOOOOO 0. 00 0 .001827 126 .55 
CAP. 0 .364378 19. 78 0 ,379445 135. 55 0 .286884 -127, .43 
t—' 
4>-
LO 
56 1 .149576 5 .65 1 .147781 125 .56 1 .179260 -116 .07 
58 0 .OOOOOO 0 .00 0 .OOOOOO 0 .00 0 .000405 110 .43 
60 1 .149576 -174 . 35 1 .147781 -54, .44 1 .178932 63 .91 
LOAD 0 .OOOOOO 0 OO 0 OOOOOO 0 .00 0 .000068 107 .60 
57 0 .000000 0 .00 0 .000000 0 .00 0 .000408 -71 .06 
59 0 .OOOOOO O OO o .OOOOOO O .00 o .000203 110 .31 
LOAD 0 .OOOOOO 0 .00 0 .000000 0 .00 0 .000205 107 .58 
58 0 .OOOOOO 0 .00 0 .000000 0 .00 0 .000205 -72 .43 
LOAD 0 .OOOOOO 0 .00 0 .OOOOOO 0 .00 0 .000205 107 .57 
57 1 .149602 5 .65 1 .147798 125 .56 1 .178944 -116 .09 
61 1 .149602 -174 .35 1 .147909 -54 .46 1 .178944 63 .91 
LOAD 0 .000000 0 .00 0 .000304 56 .92 0 .000000 0 .00 
60 1 .149619 5 .65 1 .147915 125 .54 1 .178944 -116 .09 
LOAD o .023480 -28 . 73 0 .023844 97 .81 o .024418 -1 .70 
— — PHASE A 
MAG(PERCENT) ANG(DEGREE) 
HARMONIC CURRENT AT BUS 61 0.910078 125.00 
VOLTAGE (PERCENT) 
FROM PHASE A PHASE B PHASE C 
BUS MAGNITUDE ANGLE MAGNITUDE ANGLE MAGNITUDE ANGLE 
22 0.000904 62.64 0.000821 -55.73 0.000887 -171.96 
23 0.017938 36.30 0.016912 -88.48 0.016695 158.28 
24 0.024607 35.98 0.023670 -87.69 0.023531 156.22 
25 0.028089 35.87 0.027253 -87.47 0.027170 155.72 
26 0.028011 35.42 0.000000 0.00 0.000000 0.00 
27 0.028003 35.37 0.000000 0.00 0.000000 0.00 
28 O.027974 35.21 O.OOOOOO O.OO O.000000 O.OO 
29 0.028850 36.17 0.027912 -87.46 0.027949 155.53 
30 0.029621 36.46 0.028578 -87.45 0.028738 155.34 
PHASE B 
MAG(PERCENT) ANG(DEGREE) 
PHASE C 
MAG(PERCENT) ANG(DEGREE) 
0.910078 5.00 O.910078 -115.00 
CURRENT (PERCENT) 
TO PHASE A PHASE B PHASE C 
BUS MAGNITUDE ANGLE MAGNITUDE ANGLE MAGNITUDE ANGLE 
23 0. 111200 153. 05 0. 101042 34. 68 0. 109080 -81 . 55 
22 0. 111807 -53. 67 0. 105477 -178. 50 0. 104176 68. 32 
24 O. 111807 126. 33 O. 105477 1 . 50 0. 104176 -111. 68 
23 0. 111306 -53. 67 O. 105043 -178. 47 o. 103749 68. 30 
25 0. 111306 126. 33 0. 105043 1 . 53 0. 104251 -110. 85 
LOAD 0. OOOOOO 0. 00 0. OOOOOO 0. 00 0. 001607 140, .54 
24 0. 110978 -53. 66 0. 104755 -178. 46 0. 103966 69 . 14 
26 0. 014102 20 .27 0. OOOOOO 0. 00 0. OOOOOO 0. 00 
29 0. 116299 133 .78 0 .104755 1 . 54 0. 103966 -110 .86 
LOAD 0. 001577 20 . 18 0. OOOOOO 0. 00 0. OOOOOO 0. 00 
25 0. 014118 -159. 96 0. OOOOOO 0. 00 0. OOOOOO 0. 00 
27 0. 004711 19 .90 0 .OOOOOO O. 00 o. OOOOOO O. 00 
28 0. ,004690 20 .49 0. OOOOOO 0. 00 0. OOOOOO 0. 00 
LOAD 0. 004717 19. 73 0. OOOOOO 0. 00 0. OOOOOO 0. 00 
26 0 .004716 -160 .31 0 .OOOOOO 0. oo 0. .OOOOOO 0 oo 
LOAD 0 .004716 19 .69 0 .OOOOOO 0. 00 0. OOOOOO 0 .00 
26 0 .004711 -160 .48 0 .OOOOOO 0. 00 0. .OOOOOO 0. 00 
LOAD 0 .004711 19 .52 O .OOOOOO 0 .00 o. OOOOOO 0 .00 
25 0 .116228 -46 .22 0 .104692 -178 .46 0. 103904 69 . 14 
30 0 .116290 133 .86 0 .104692 1 . 54 0. 103904 -110 .86 
LOAD 0 .000157 20 .50 0 .000000 0 .00 0. OOOOOO 0 .00 
29 0.116216 -46.14 0.104626 -178.46 0.103839 69.13 
31 0.770161 120.48 0.909437 3.10 0.813459 -117.74 
31 0.037742 33.47 0.040746 -86.72 0.038457 153.97 
32 0.000000 0.00 0.040694 -86.94 0.000000 0.00 
33 0.000000 0.00 0.040683 -86.98 0.000000 0.00 
34 O.OOOOOO O.OO 0.040634 -87.19 O.OOOOOO O.OO 
35 0.000000 0.00 0.040630 -87.20 0.000000 O.OO 
36 0.000000 0.00 0.040616 -87.26 0.000000 0.00 
37 0.051449 30.48 0.061061 -85.77 0.054462 152.75 
38 0.OOOOOO 0.00 0.OOOOOO 0.00 0.054401 152.57 
39 O.051433 30.50 0.061046 -85.82 0.054480 152.76 
40 0.000000 0.00 0.061002 -85.94 O.OOOOOO 0.00 
41 0.657616 -61.88 0.804855 -176.69 0.710474 61.26 
LOAD 0.000252 20.71 O.OOOOOO 0.00 O.OOOOOO 0.00 
30 0.770011 -59.52 O.909299 -176.90 O.813325 62.26 
32 0.OOOOOO 0.00 0.012288 -100.93 0.OOOOOO 0.00 
37 0.770011 120.48 0.912588 3.90 0.813325 -117.74 
LOAD O.OOOOOO O.OO 0.000828 -102.40 O.OOOOOO O.OO 
31 O.OOOOOO O.OO O.012305 78.76 O.OOOOOO 0.00 
33 0.OOOOOO 0.00 O.002462 -101.07 0.000000 0.00 
34 0.OOOOOO 0.00 0.007362 -100.84 0.000000 0.00 
LOAD O.OOOOOO O.OO 0.002482 -102.62 O.OOOOOO O.OO 
32 O.OOOOOO 0.00 0.002481 77.33 O.OOOOOO 0.00 
LOAD 0.000000 O.OO 0.002481 -102.67 0.000000 O.OO 
32 O.OOOOOO 0.00 0.007395 78.18 0.000000 0.00 
35 0.OOOOOO 0.00 0.002471 -102.31 O.OOOOOO 0.00 
36 O.OOOOOO 0.00 0.002447 -100.26 O.OOOOOO O.OO 
LOAD 0.000000 0.00 0.002478 -102.87 O.OOOOOO 0.00 
Ln 
34 O.OOOOOO 0.00 0.002478 77.11 O.OOOOOO O.OO 
LOAD 0.OOOOOO 0.00 0.002478 -102.89 O.OOOOOO O.OO 
34 O.OOOOOO O.OO 0.002477 77.05 O.OOOOOO O.OO 
LOAD 0.000000 0.00 0.002477 -102.95 0.000000 0.00 
31 0.769677 -59.52 0.912259 -176.10 0.813014 62.26 
33 0.OOOOOO 0.00 O.OOOOOO O.OO O.005401 139.32 
39 0.000129 122.54 0.005348 -97.45 0.000122 -113.10 
LOAD O.OOOOOO 0.00 0.000000 0.00 0.001822 137.07 
CAP. O.769548 120.48 0.913326 4.23 0.814610 -117.25 
37 0.000000 0.00 0.000000 0.00 0.005461 -43.12 
LOAD O.OOOOOO O.OO O.OOOOOO O.OO 0.005461 136.88 
37 O.OOOOOO -46.44 0.005364 81.17 0.OOOOOO 37.02 
40 0.OOOOOO 0.00 0.004008 -97.93 O.OOOOOO 0.00 
LOAD 0.OOOOOO 0.00 0.001358 -101.50 0.OOOOOO 0.00 
41 0.022253 42.87 0.016300 -89.49 0.019456 157.84 
42 0.000000 0.00 0.016291 -89.65 0.000000 0.00 
43 0.000000 0.00 0.016290 -89.66 O.OOOOOO 0.00 
44 0.000000 0.00 0.016286 -89.72 0.000000 0.00 
45 0.000000 0.00 0.016286 -89.73 0.000000 0.00 
46 0.000000 0.00 0.016285 -89.73 0.000000 0.00 
47 O.OOOOOO O.OO 0.016284 -89.76 0.000000 0.00 
48 0.000000 0.00 0.016283 -89.77 0.000000 0.00 
49 O.OOOOOO 0.00 0.016282 -89.78 0.000000 0.00 
39 O.OOOOOO O.OO 0.004072 78.37 O.OOOOOO 0.00 
LOAD 0.000000 0.00 0.004072 -101.63 0.000000 0.00 
30 0.657742 118.12 0.804959 3.30 0.710579 -118.74 
42 O.OOOOOO O.OO 0.002192 -96.37 O.OOOOOO O.OO 
56 0.657742 -61.88 0.804577 -176.85 0.710579 61.26 
LOAO 0.000000 0.00 0.000054 -105.18 0.000000 0.00 
41 0.000000 0.00 0.002197 82.54 O.OOOOOO 0.00 
43 O.OOOOOO 0.00 0.000156 -90.50 O.OOOOOO O.OO 
44 0.000000 0.00 0.001883 -97.36 0.000000 0.00 
LOAD O.OOOOOO 0.00 0.000162 -105.34 O.OOOOOO O.OO 
42 O.OOOOOO 0.00 0.000162 74.65 0.000000 0.00 
LOAD O.OOOOOO 0.00 0.000162 -105.35 O.OOOOOO O.OO 
42 0.000000 0.00 O.001886 81.92 0.000000 0.00 
45 0.000000 0.00 0.000158 -99.28 O.OOOOOO 0.00 
46 O.OOOOOO 0.00 O.000156 -92.34 O.OOOOOO O.OO 
47 O.OOOOOO 0.00 0.001413 -97.74 0.000000 0.00 
LOAD 0.000000 O.OO 0.000162 -105.41 O.OOOOOO 0.Ç2 
o\ 
44 O.OOOOOO 0.00 0.000162 74.58 O.OOOOOO 0.00 
LOAD O.OOOOOO O.OO O.000162 -105.42 O.OOOOOO 0.00 
44 O.OOOOOO 0.00 0.000162 74.58 0.000000 0.00 
LOAD 0.000000 O.OO 0.000162 -105.42 0.000000 0.00 
44 O.OOOOOO 0.00 0.001415 81.62 0.000000 O.OO 
48 0.000000 0.00 0.000156 -90.03 O.OOOOOO 0.00 
49 O.OOOOOO O.OO 0.000474 -99.72 O.OOOOOO O.OO 
52 0.000000 0.00 0.000628 -97.62 0.000000 0.00 
LOAD 0.000000 0.00 0.000162 -105.45 0.000000 0.00 
47 0.000000 0.00 0.000162 74.54 0.000000 0.00 
LOAD O.OOOOOO 0.00 0.000162 -105.46 O.OOOOOO 0.00 
47 O.OOOOOO 0.00 O.000480 76.72 0.000000 O.OO 
50 O.OOOOOO 0.00 0.000159 -102.16 0.000000 0.00 
51 O.OOOOOO O.OO 0.000159 -102.16 O.OOOOOO 0.00 
LOAD 0.000000 0.00 0.000162 -105.47 0.000000 0.00 
50 0.000000 0.00 0.016282 -89.79 0.000000 0.00 
51 0.000000 0.00 0.016282 -89.79 O.OOOOOO 0.00 
52 0.000000 0.00 0.016282 -89.78 O.OOOOOO O.OO 
53 0.000000 0.00 0.016282 -89.79 0.000000 0.00 
54 O.OOOOOO O.OO 0.016282 -89.79 O.OOOOOO O.OO 
55 0.000000 0.00 0.016281 -89.80 0.000000 0.00 
56 0.016760 51.85 0.006612 -96.18 0.012131 162.54 
57 0.008370 72.66 O.003954 113.71 0.003606 -144.32 
58 0.000000 O.OO 0.000000 0.00 0.003606 -144.34 
59 0.000000 0.00 0.000000 0.00 0.003606 -144.35 
60 0.0055G6 105.3G 0.009001 103.06 0.005209 -73.98 
49 0. OOOOOO 0. 00 0. 000162 74. 52 0. OOOOOO 0. 00 
LOAD O. OOOOOO 0. OO 0. 000162 -105. 48 0. OOOOOO 0. OO 
49 0. OOOOOO 0. 00 O. 000162 74. 52 0. OOOOOO O. 00 
LOAD 0. OOOOOO 0. 00 0. 000162 -105. 48 0. OOOOOO 0. 00 
. 47 0. OOOOOO 0. 00 0. 000632 80. 23 0. OOOOOO 0. 00 
53 0. OOOOOO 0. 00 0. 000158 -99. 34 0. OOOOOO 0. 00 
54 0. OOOOOO 0. 00 0. 000160 -103. 83 0. OOOOOO 0. 00 
55 0. OOOOOO 0. 00 0. 000155 -90. 06 0. OOOOOO 0. 00 
LOAD 0. OOOOOO 0. OO o. 000162 -105. 47 o. OOOOOO 0 OO 
52 0. OOOOOO 0. OO 0. 000162 74. 52 o. OOOOOO 0 .00 
LOAD 0. OOOOOO 0 .00 0. 000162 -105. 48 0. OOOOOO 0 .00 
52 0. OOOOOO 0 .00 0. 000162 74. 52 0. OOOOOO 0 .00 
LOAD 0 OOOOOO 0. 00 0. 000162 -105. 48 0. OOOOOO 0 •OO 
52 0 ,OOOOOO 0 .00 0, .000162 74. 51 0 .000000 0 OO 
LOAD 0 OOOOOO o .00 o .000162 -105 .49 0. OOOOOO 0 .00 
41 0 .657813 118 . 12 0 .804624 3 . 15 0 .710630 -1 18 .73 
57 0 .891137 -55 .43 0, .901588 -177 .86 0 .887759 63 .47 
LOAD 0 .OOOOOO o OO o .OOOOOO O .OO o .001043 146 .85 
CAP. 0 .248717 141 .85 0 .098120 -6 . 18 0 .180025 -107 .46 
56 0 .891181 124 .57 0 .901602 2 . 14 o .887780 - 116 .53 
58 0 .000000 0 .00 0 .OOOOOO 0 .00 0 .000155 -156 .90 
60 0 .891181 -55 .43 o .901602 -177 .86 o .887917 63 .46 
LOAD 0 .OOOOOO 0 .00 0 OOOOOO 0 .00 0 .000026 -160 .01 
57 0 .OOOOOO 0 .00 0 .OOOOOO 0 .00 0 .000156 21 .46 
59 0 .000000 0 .00 0 .000000 0 .00 0 .000077 -157 .03 
LOAD 0 .OOOOOO O .OO 0 .OOOOOO O .OO 0 .000078 -160 .04 
58 o .OOOOOO O .OO o .OOOOOO O .OO o .000078 19 .95 
LOAD 0 .000000 0 .00 0 .OOOOOO 0 .00 0 .000078 -160 .05 
61 O.006690 161.19 0.015290 99.71 
VOLTAGE DISTORTION FACTORS FOLLOW (PERCENT): 
NUMBER PHASE A PHASE B 
22 0 .051736 0 .047243 
23 1 , .070697 0 .945143 
24 1 , .478424 1 . 343669 
25 1 .694302 1 .554156 
26 1 .691070 0 .000000 
27 1 , .690743 0 .OOOOOO 
28 1 .689571 0 .OOOOOO 
29 1 .740312 1 .597281 
30 1 ,786860 1 .640902 
31 1 .859808 1 .710712 
32 0 .OOOOOO 1 .709138 
33 0 .OOOOOO 1 .708810 
34 0 OOOOOO 1 , .707357 
35 0 .OOOOOO 1 .707238 
36 0 .OOOOOO 1 .706816 
37 1. 978778 1 , .830769 
38 o .OOOOOO 0 .OOOOOO 
39 1, .979003 1 .830417 
40 0. OOOOOO 1 .829472 
41 1, .796398 1 .648327 
42 0 .OOOOOO 1 .647398 
43 0, .OOOOOO 1 .647331 
44 0 .OOOOOO 1 .646941 
45 0 .OOOOOO 1 .646911 
46 0 .OOOOOO 1 .646882 
47 o. OOOOOO 1 .646712 
48 0 OOOOOO 1 .646644 
49 0 .OOOOOO 1 , .646558 
50 0 .OOOOOO 1 .646541 
51 0. 000000 1 . 646541 
52 0 .OOOOOO 1 .646558 
53 0. OOOOOO 1 . 646527 
54 0. OOOOOO 1 . 646549 
55 0. OOOOOO 1 . 646489 
56 1. 803627 1 . 655205 
57 1, .753192 1 . 602997 
58 o. OOOOOO 0. OOOOOO 
0.010920 -51 
PHASE C 
0.054874 
1.020581 
1.452616 
1.682316 
0.000000 
0.OOOOOO 
0.OOOOOO 
1.727482 
1.773139 
1.848722 
O.OOOOOO 
0.OOOOOO 
0.000000 
0.OOOOOO 
0.OOOOOO 
1.975332 
1.973785 
1.975259 
0.OOOOOO 
1.777939 
0.OOOOOO 
0.OOOOOO 
0.OOOOOO 
0.000000 
0.OOOOOO 
G.OOOOOO 
0.OOOOOO 
0.OOOOOO 
O.OOOOOO 
0.000000 
0.OOOOOO 
0.OOOOOO 
0.000000 
0.OOOOOO 
1.782157 
1.724164 
1.723999 
57 O.891188 124.57 0.901595 2.14 0.887914 -116.54 
61 0.891188 -55.43 0.901615 -177.85 O.887914 63.46 
LOAD 0.000000 0.00 0.000239 87.36 0.000000 0.00 
60 0.891183 124.57 0.901592 2.15 0.887896 -116.53 
LOAD 0.020057 144.39 0.045840 82.91 0.032739 -68.41 
00 
59 O.000000 
GO 1.727923 
61 1.697103 
0.000000 1.723921 
1.576791 1.695226 
1.545065 1.660025 
STOP ON END OF DATA 
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SINGLE-PHASE HARMONIC SOURCES STUDY 
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1 
INPUT DATA 
2 
1000.00 
3 
OF THE SINGLE-PHASE HARMONIC SOURCES STUDY 
23 24 1111 7.9674 3592.21 34 .63 
.306000 .024400 .721000 .485000 .008140 .563000 
.00 .00 3.67 - .32 -3 .67 - .32 
24 25 1111 7.9674 1901.00 34 .63 
.306000 . 024400 .721000 .485000 .008140 .563000 
.00 .00 3.67 -.32 -3 .67 . -.32 
25 26 1001 7.9674 537.50 34.63 
.973000 .011130 .368000 .974000 .004460 .398000 
.00 .00 .00 -6.50 
26 27 1001 7.9674 162.50 34.63 
.973000 .011130 .368000 .974000 .004460 .398000 
.00 .00 .00 -6.50 
26 28 1001 7.9674 750.00 34.63 
.973000 .011130 .368000 .974000 .004460 .398000 
.00 .00 .00 -6.50 
25 29 1111 7.9674 385.70 34 .63 
.306000 .024400 .721000 .485000 .008140 .563000 
.00 .00 3.67 - .32 -3 .67 - .32 
29 30 1111 7.9674 390.04 34.63 
.306000 .024400 .721000 .485000 .008140 .563000 
.00 .00 3.67 - .32 -3.67 - .32 
30 31 1111 7.9674 680.74 34.63 
.306000 .024400 .721000 .485000 .008140 .563000 
.00 .00 3.67 -.32 -3.67 -.32 
31 32 0101 7.9674 437.50 34.63 
.973000 .01 1 130 .368000 .974000 .004460 .398000 
.00 .00 .00 -6.50 
32 33 0101 7.9674 450.00 34.63 
.973000 .01 1 130 .368000 .974000 .004460 .398000 
.00 .00 .00 -6.50 
32 34 0101 7.9674 825.00 34.63 
.973000 .011130 .368000 .974000 .004460 .398000 
.00 .00 .00 -6.50 
34 35 0101 7,9674 162.50 34.63 
.973000 .01 1 130 .368000 .974000 .004460 .398000 
.00 .00 .00 -6.50 
34 36 0101 7.9674 750.00 34.63 
.973000 .011130 .368000 .974000 .004460 .398000 
.00 .00 .00 -6.50 
31 37 1111 7.9674 1128.90 34.63 
.306000 .024400 .721000 .485000 .008140 .563000 
.00 .00 3.67 -.32 -3.67 - . 32 
37 38 001 1 7.9674 1125.00 34 .63 
.973000 .011130 .368000 .974000 .004460 .398000 
.00 .00 .00 -6.50 
37 39 1111 7.9674 374.80 34.63 
.306000 .024400 .721000 .485000 : 008140 .563000 
.00 .00 3.67 -.32 -3 .67 -.32 
39 40 0101 7.9674 1125.00 34 .63 
.973000 .011130 .368000 .974000 .004460 .398000 
.00 .00 .00 -6.50 
30 41 1111 7.9674 759.96 34 .63 
.306000 .024400 .721000 .485000 .008140 .563000 
.00 .00 3.67 -.32 -3.67 -.32 
41 42 0101 7.9674 662.50 34 .63 
.973000 .011130 .368000 .974000 .004460 .398000 
.00 .00 .00 -6.50 
42 43 0101 7.9674 650.00 34 .63 
.973000 .011130 .368000 .974000 .004460 .398000 
.00 .00 .00 -6.50 
42 44 0101 7.9674 375.00 34.63 
.973000 .011130 .368000 .974000 .004460 . 398000 
.00 .00 .00 -6.50 
44 45 0101 7.9674 275.00 34 .63 
.973000 .011130 . 368000 .974000 .004460 .398000 
.00 .00 .00 -6.50 
.00 -10.13 
.00 -10.13 
.00 -10.13 
.00 -10. 13 
.00 -10.13 
.00 -10. 13 
.00 -10.13 
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28 7 0 215280 0 00 
31 7 0 215280 240 00 
32 7 0 215280 240 00 
33 7 0 215280 240 00 
34 7 0 215280 240 00 
35 7 0 215280 240 00 
36 7 0 215280 240 00 
37 7 0 215280 120 00 
38 7 0 215280 120 00 
39 7 0 215280 240 00 
40 7 0 215280 540 00 
56 7 0 215280 120 00 
60 7 0 215280 240 00 
24 9 0 143520 0 00 
25 9 0 143520 0 00 
26 9 0 143520 0 00 
27 9 0 143520 0 00 
28 9 0 143520 0 00 
31 9 0 143520 0 00 
32 9 0. 143520 0 00 
33 9 0. 143520 0 00 
34 9 0. 143520 0 00 
35 9 0. 143520 0 00 
36 9 0. 143520 0 00 
37 9 0. 143520 0 00 
38 9 0. 143520 0 00 
39 9 0. 143520 0. 00 
40 9 0. 143520 0. 00 
56 9 0. 143520 0 00 
60 9 0. 143520 0. 00 
9999 
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XIII. APPENDIX D: OUTPUT RESULTS OF THE 
SINGLE-PHASE HARMONIC SOURCES STUDY 
TITLE OF THIS RUN IS THE FOLLOWING: 
INPUT DATA OF THE SINGLE-PHASE HARMONIC SOURCES STUDY 
THREE PHASE BASE KVA FOR THIS RUN IS: 1000.00 
LINE INPUT DATA FOLLOWS: 
FROM BUS TO BUS ABCN BASE LINE 
NUMBER NUMBER VOLTAGE LENGTH 
(KV) (FEET) 
23 24 1111 7.9674 3592.21 
24 25 1111 7.9674 1901.00 
25 26 1001 7.9674 537.50 
26 27 1001 7.9674 162.50 
26 28 1001 7.9674 750.00 
25 29 1111 7.9674 385.70 
29 30 1111 7.9674 390.04 
30 31 1111 7.9674 680.74 
31 32 0101 7.9674 437.50 
32 33 0101 7.9674 450.OO 
32 34 0101 7.9674 825.00 
34 35 0101 7.9674 162.50 
34 36 0101 7.9674 750.00 
31 37 1111 7.9674 1128.90 
37 38 0011 7.9674 1125.00 
37 39 1111 7.9674 374.80 
39 40 0101 7.9674 1125.00 
30 41 1111 7.9674 759.96 
41 42 0101 7.9674 662.50 
42 43 0101 7.9674 650.OO 
42 44 0101 7.9674 375.00 
44 45 0101 7.9674 275.00 
44 46 0101 7.9674 575.00 
44 47 0101 7.9674 250.00 
47 48 0101 7.9674 675.00 
47 49 0101 7.9674 475.00 
49 50 0101 7.9674 150.00 
49 51 0101 7.9674 150.00 
47 52 0101 7.9674 375.00 
52 53 0101 7.9674 275.00 
52 54 0101 7.9674 75.00 
52 55 0101 7.9674 675.00 
41 56 1111 7.9674 603.70 
56 57 1111 7.9674 631.50 
57 58 CCI 1 7.9674 325.OO 
58 59 0011 7.9674 300.00 
57 60 1111 7.9674 319.00 
GO 61 1111 7.9674 390.45 
HEIGHT OF EARTH 
FIRST COND. RESISTIVITY 
(FEET) (OHM-METER) 
34 .63 O .00 
34 .63 0 .00 
34 .63 0 .00 
34 .63 0 .00 
34 .63 0 .00 
34 .63 0 .OO 
34 .63 0 .00 
34 .63 0 .00 
34 .63 0 .00 
34 .63 0 .00 
34 .63 0 .00 
34 .63 0 .OO 
34 .63 0 .00 
34 .63 0 .00 
- 34 .63 0 .00 
34 .63 O OO 
34 .63 0 .00 
34 .63 0 .00 
34, .63 0 .00 
34, .63 0 .OO 
34, .63 0, .00 
34 .63 0, .00 
34, .63 0, OO 
34, .63 0, 00 
34. 63 0. 00 
34, .63 0. 00 
34. 63 0. OO 
34. 63 0. ,00 
34. 63 0. ,00 
34, 63 0. ,00 
34. 63 . 0. 00 
34. 63 o. OO 
34. 63 0. OO 
34. 63 0. 00 
34 . 63 o. GO 
34. 63 0. 00 
34. 63 0. 00 
34. 63 0. 00 
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BUS NUMBER 
OF LOAD 
ABC REAL POWER 
(KW) 
REAC. POWER 
(KVAR) 
24 001 120 .60 69 .00 50.00 
25 100 99 . 15 56 .85 50.00 
26 100 99 . 15 56 .85 50.00 
27 100 99 . 15 56 .85 50.00 
28 100 99 . 15 56 .85 50. OO 
29 100 9 .60 5 .40 50.00 
30 100 15 .00 9 .00 50.00 
31 010 35 .90 20 .60 50.00 
32 010 35 .90 20 .60 50.00 
33 010 35 .90 20 .60 50.00 
34 010 35 .90 20 .60 50. OO 
35 010 35 .90 20, .60 50.00 
36 010 35 .90 20, .60 50.00 
37 001 59, . 10 33 SO 50.00 
38 001 59. , 10 33, .90 50.00 
39 010 39, .30 22 .50 50.00 
40 010 39 .30 22 .50 50.00 
41 010 5 .84 3 ,36 50.00 
42 010 5 .84 3. ,36 50.00 
43 010 5. 84 3. ,36 50.00 
44 010 5 .84 3 36 50.00 
45 010 5 .84 3 .36 50. OO 
46 010 5 84 3 ,36 50.00 
47 010 5, .84 3. ,36 50.00 
48 010 5. 84 3. ,36 50.00 
49 010 5, .84 3. 36 50.00 
50 010 5, .84 3, .36 50.00 
51 010 5, .84 3, 36 50.00 
52 010 5 84 3. 36 50.00 
53 010 5. 84 3. ,36 50.00 
54 010 5. 84 3. ,36 50. OO 
55 010 5 .84 3, 36 50.00 
56 001 151 , .80 87, .00 50.00 
57 001 12. SO 7, 40 50. OO 
58 001 12 ,80 7. ,40 50.00 
59 001 12. ,80 7. ,40 50.00 
60 010 46. 80 27. ,00 50.00 
61 111 5196. 80 1539. ,80 50.00 
FILTER INPUT DATA FOLLOWS: 
BUS NUMBER ABC FILTER FILTER SIZE RESONANCE FREQ 
OF FILTER TYPE (KVAR) (HERTZ) 
37 111 O 598.30 0.00 
56 111 0 593.60 0.00 
HYSTERESIS/EDDY 
CURRENT LOSSES 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
o.oo 
0.00 
0.00 
o.oo 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
o.oo 
0.00 
o.oo 
o.oo 
o.oo 
0.00 
0.00 
0.00 
o.oo 
0.00 
0.00 
o.oo 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
o.oo 
o.oo 
0.00 
0.00 
o.oo 
0.00 
0.00 
o.oo 
0.00 
0.00 
o.oo 
o.oo 
0.00 
0.00 
0.00 
o.oo 
o.oo 
0.00 
0.00 
o.oo 
0.00 
0.00 
o.oo 
0.00 
0.00 
0.00 
0.00 
o.oo 
0.00 
0.00 
o.oo 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
o.oo 
o.oo 
0.00 
o.oo 
o.oo 
0.00 
0.00 
0.00 
0.00 
o.oo 
0.00 
o.oo 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
o.oo 
o.oo 
0.00 
0.00 
o.oo 
0.00 
o.oo 
o.oo 
0.00 
0.00 
o.oo 
o.oo 
o.oo 
o.oo 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
o.oo 
0.00 
0.00 
o.oo 
0.00 
o.oo 
0.00 
0.00 
o.oo 
0.00 
0.00 
0.00 
0.00 
0.00 
o.oo 
0.00 
0.00 Cn 
0.00 
0.00 
o.oo 
0.00 
0.00 
o.oo 
0.00 
0.00 
o.oo 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
FILTER HPF INDUCTOR 
QUALITY FACTOR QUALITY FACTOR 
o.oo 
0.00 
o.oo 
o.oo 
TRANSMISSION SYSTEM SHORT CIRCUIT EQUIVALENT INPUT DATA FOLLOWS 
BUS NUMBER AT 
HIGH SIDE 
OF TRANSFORMER 
POS./NEG. 
SEQ. RES. 
(PERCENT) 
POS./NEG. 
SEQ. REAC. 
(PERCENT) 
ZERO SEQ. 
RESISTANCE 
(PERCENT) 
22 0.005760 0.032520 0.014430 
END OF INPUT DATA LISTING 
ZERO SEQ. 
REACTANCE 
(PERCENT) 
0.058040 
TITLE OF THIS RUN IS THE FOLLOWING: 
OUTPUT RESULTS OF THE SINGLE-PHASE HARMONIC SOURCES STUDY 
HARMONIC ANALYSIS FOR HARMONIC ORDER 3 (FREQUENCY = 180 HZ) 
MAG(PERCENT) ANG(DEGREE) 
HARMONIC CURRENT AT BUS 24 0. OOOOOO 0. 
i 8
 
HARMONIC CURRENT AT BUS 25 1 . 794000 0. 00 
HARMONIC CURRENT AT BUS 26 1 . ,794000 0. oo 
HARMONIC CURRENT AT BUS 27 1 . ,794000 0. 00 
HARMONIC CURRENT AT BUS 28 1 . 794000 0. 00 
HARMONIC CURRENT AT BUS 31 O. OOOOOO o. 00 
HARMONIC CURRENT AT BUS 32 0. OOOOOO o. 00 
HARMONIC CURRENT AT BUS 33 0. OOOOOO 0. 00 
HARMONIC CURRENT AT BUS 34 0. OOOOOO 0. 00 
HARMONIC CURRENT AT BUS 35 O. OOOOOO 0, oo 
HARMONIC CURRENT AT BUS 36 0. OOOOOO 0 .00 
HARMONIC CURRENT AT BUS 37 O. OOOOOO o. oo 
HARMONIC CURRENT AT BUS 38 0. OOOOOO 0. oo 
HARMONIC CURRENT AT BUS 39 O OOOOOO o .00 
HARMONIC CURRENT AT BUS 40 0 OOOOOO o oo 
HARMONIC CURRENT AT BUS 56 0 OOOOOO 0 .00 
HARMONIC CURRENT AT BUS 60 0 OOOOOO 0 .00 
FROM PHASE A 
BUS MAGNITUDE ANGLE 
22 0.004714 -99.01 
-VOLTAGE (PERCENT)-
PHASE B 
MAGNITUDE ANGLE 
0.004614 80.37 
PHASE C 
MAGNITUDE ANGLE 
0.000112 107.57 
23 0.112882 80.44 0.273507 82.65 0.116202 81.40 
24 0.311624 76.55 0.531892 78.76 0.303570 76.83 
25 0.411926 75.90 0.664790 77 .89 O.390584 75.94 
26 0.422917 75.78 O.OOOOOO 0.00 0.OOOOOO 0.00 
MAG(PERCENT) ANG(DEGREE) MAG(PERCENT) ANG(DEGREE) 
o. OOOOOO 0. oo 1. 794000 0. oo 
0. OOOOOO 0. 00 0 .000000 0. 00 
o. OOOOOO O. oo 0. OOOOOO 0. oo 
0 OOOOOO 0. oo 0 OOOOOO o. oo 
0. OOOOOO 0. 00 0. OOOOOO 0. 00 
1 .794000 O, .00 o .OOOOOO 0 oo 
1 .794000 O oo o OOOOOO 0. oo 
1 .794000 0. 00 0. OOOOOO 0. 00 
1 .794000 0. 00 0. OOOOOO 0. 00 
1 .794000 O .00 o OOOOOO 0 oo 
1 .794000 0. 00 0 OOOOOO 0 .00 
o OOOOOO 0 oo 1 .794000 o .00 
0 OOOOOO 0 .00 1 .794000 0 .00 
1 .794000 0 oo 0 .OOOOOO 0 .00 
1 .794000 o .00 o OOOOOO 0 oo 
0 .000000 0 .00 1 .794000 0 .00 
1 .794000 0 .00 0 .000000 0 .00 
CURRENT (PERCENT) -g 
TO PHASE A -----PHASE 8 PHASE C 
BUS MAGNITUDE ANGLE MAGNITUDE ANGLE MAGNITUDE ANGLE 
23 4.823680 -5.63 4.721254 173.74 0.114841 -159.05 
22 6.331821 -9.53 14.678352 -7.31 6.504035 -8.64 
24 6.331821 170.47 14.678352 172.69 6.504035 171.36 
23 6.331725 -9.53 14.677711 -7.31 6.503856 -8.64 
25 6.331725 170.47 14.677711 172.69 4.766908 168.32 
LOAD O.OOOOOO O.OO 0.OOOOOO 0.00 0.034207 20.16 
24 6.331608 -9.53 14.677229 -7.31 4.766743 -11.68 
26 5.048680 178.68 O.OOOOOO O.OO 0.OOOOOO O.OO 
29 1.077211 58.61 14.677229 172.69 4.766743 168.32 
LOAD 0.038169 19.23 0.000000 0.00 0.000000 0.00 
27 0.424025 75.77 O.OOOOOO O.OO O.OOOOOO 0.00 
28 0.428027 75.72 0.000000 0.00 0.OOOOOO 0.00 
29 0.422607 75.69 0.687811 77.73 0.404303 75.75 
30 O.433419 75.48 0.711099 77.58 0.418182 75.56 
31 0.455568 75.69 0.754128 77.73 0.443046 75.77 
32 O.OOOOOO O.OO 0.769338 77.61 O.OOOOOO 0.00 
33 O.OOOOOO 0.00 0.772469 77.58 0.000000 0.00 
34 0.OOOOOO 0.00 0.786544 77.47 0.OOOOOO O.OO 
35 O.OOOOOO 0.00 0.787674 77.46 O.OOOOOO 0.00 
25 5. 048577 -1. 32 0. OOOOOO O. 00 O. oooooo 0. OO 
27 1 . 683090 178. 69 0. OOOOOO 0. 00 0. oooooo 0. OO 
28 1 . 682131 178. 68 0. OOOOOO 0. 00 0. oooooo 0. 00 
LOAD 0. 1 17562 19. 11 o. OOOOOO 0. OO O. oooooo o. OO 
26 1 . 683059 -1. 31 0. oooooo 0. OO 0. oooooo 0. 00 
LOAD 0. 117870 19. 10 0. OOOOOO 0. 00 0. oooooo 0. 00 
26 1 . 681985 -1. 32 0. oooooo 0. 00 0. oooooo 0. 00 
LOAD 0. 118983 19. 05 0. oooooo 0. ,00 0. oooooo 0. 00 
25 1 . 077218 -121 . 39 14. 677119 -7. ,31 4. ,766705 -11. 68 
30 1 . 074302 58. 74 14. 677119 172. 69 4. 766705 168. 32 
LOAD 0. 003785 19. 08 0. OOOOOO 0. ,00 0. OOOOOO 0. 00 
29 1 . 074309 -121. 26 14. 677004 -7. .31 4. , 766664 -11. 68 
31 0. 852246 165. 76 15. ,233765 178, . 16 4 .313310 176 .81 
41 1 . ,548436 27. 15 1 .531903 64 . 14 0 .810407 116 .47 
LOAD 0. ,006106 18. 62 0 .000000 0, .00 0 OOOOOO 0 .00 
0\ 
NJ 
30 0 ,852194 -14. 24 15 .233556 -1 .84 4 .313237 -3 . 19 
32 0 OOOOOO 0. OO 8 .604454 179 .07 0 OOOOOO 0 OO 
37 0 .852194 165 .76 4 .863905 175 .99 4 .313237 176 .81 
LOAD 0 .000000 0 .00 0 .025303 21 .06 0 OOOOOO 0 .00 
31 0 .OOOOOO O .00 8 .604301 -o .93 0 .OOOOOO 0 .00 
33 0 .OOOOOO 0 .00 1 .721748 179 .08 0 .oooooo 0 .00 
34 0 OOOOOO 0 .00 5 .160660 179 .06 0 oooooo 0 .00 
LOAD 0 .oooooo 0 .00 0 .077440 20 .93 0 .000000 0 .00 
32 0 .000000 0 .00 1 .721588 -0 .92 0 .000000 0 .00 
LOAD 0 .oooooo O OO O .077755 20 .91 0 .oooooo 0 .00 
32 0 .oooooo 0 .00 5 .160365 -O .94 0 .oooooo 0 .00 
35 0 .000000 0 .00 1 .720166 179 .06 0 oooooo 0 .00 
36 0 .oooooo 0 .00 1 .719981 179 .06 0 .oooooo o OO 
LOAD 0 .oooooo 0 .00 0 .079172 20 .80 o -OOOOOO o OO 
34 0 .oooooo 0 .00 1 .720107 -0 .94 0 .oooooo 0 OO 
LOAD 0 .oooooo 0 .00 0 .079285 20 .79 0 .000000 0 .OO 
36 0.000000 0.00 0.791758 77.43 O.OOOOOO 0.00 
37 0.474720 75.76 O.782117 77.74 O.469491 75.91 
38 0.000000 0.00 0.OOOOOO 0.00 0.477330 75.84 
39 0.476678 75.78 0.786946 77.76 0.471138 75.93 
40 O.OOOOOO 0.00 0.794729 77.70 0.000000 0.00 
41 0.429810 74.82 0.708470 77.12 0.417502 74.97 
42 O.OOOOOO 0.00 0.708054 77.12 O.OOOOOO 0.00 
43 O.OOOOOO 0.00 0.708025 77.11 0.000000 0.00 
44 0.OOOOOO 0.00 0.707852 77.11 0.000000 O.OO 
45 0.000000 0.00 0.707840 77.11 0.000000 0.00 
34 O.OOOOOO O.OO 1.719709 -0.94 O.OOOOOO O.OO 
LOAD 0.OOOOOO 0.00 0.079697 20.76 0.000000 0.00 
31 0.852105 -14.24 4.863541 -4.01 4.313107 -3.19 
38 0.000000 0.00 0.000000 0.00 1.719731 179.13 
39 0.000030 162.34 3.480101 179.31 0.000046 165.00 
LOAD 0.000000 0.00 0.000000 0.00 0.025932 19.24 
CAP. 0.852075 165.76 1.403821 167.74 0.842689 165.91 
37 O.OOOOOO 0.00 O.OOOOOO 0.00 1.719488 -0.87 
LOAD 0.OOOOOO 0.00 O.OOOOOO 0.00 0.079094 19.17 
37 O.OOOOOO 160.12 3.479979 -0.69 O.OOOOOO -10.59 
40 O.OOOOOO O.OO 1.712978 178.95 0.000000 0.00 
LOAD O.OOOOOO 0.00 O.028899 21.10 O.OOOOOO O.OO 
39 O.OOOOOO O.OO 1.712569 -1.05 O.OOOOOO O.OO 
LOAD 0.000000 0.00 0.087553 21.03 0.000000 0.00 
S 
30 1.548476 -152.85 1.531959 -115.87 0.810352 -63.53 
42 O.OOOOOO O.OO 0.160731 20.79 O.OOOOOO O.OO 
56 1.548476 27.15 1.416767 68.70 0.810352 116.47 
LOAD O.OOOOOO O.OO 0.003868 20.44 0.000000 0.00 
41 0.000000 0.00 0.160914 -159.25 0.000000 0.00 
43 O.OOOOOO 0.00 O.011417 21.03 O.OOOOOO 0.00 
44 O.OOOOOO 0.00 O.137901 20.75 O.OOOOOO O.OO 
LOAD 0.000000 0.00 0.011597 20.43 0.000000 0.00 
42 O.OOOOOO 0.00 0.011596 -159.57 O.OOOOOO 0.00 
LOAD 0.OOOOOO O.OO O.011596 20.43 O.OOOOOO O.OO 
42 O.OOOOOO O.OO 0. 138005 -159.28 O.OOOOOO O.OO 
45 0.000000 0.00 0.011517 20.68 0.000000 0.00 
46 0.000000 0.00 0.011434 20.95 0.000000 0.00 
47 O.OOOOOO O.OO O.103460 20.74 O.OOOOOO 0.00 
LOAD 0.OOOOOO 0.00 0.011594 20.43 0.000000 0.00 
44 0.000000 0.00 0.011593 -159.57 0.OOOOOO O.OO 
LOAD 0.OOOOOO 0.00 O.011593 20.43 O.OOOOOO 0.00 
46 O.OOOOOO O.OO 0.707827 77.11 O.OOOOOO O.OO 
47 0.000000 0.00 0.707751 77.11 0.000000 0.00 
48 0.000000 O.OO 0.707721 77.11 O.OOOOOO O.OO 
49 O.OOOOOO 0.00 0.707687 77.11 O.OOOOOO O.OO 
50 0.000000 0.00 0.707680 77.11 0.000000 0.00 
51 O.OOOOOO 0.00 0.707680 77.11 O.OOOOOO 0.00 
52 O.OOOOOO O.OO 0.707684 77.11 O.OOOOOO O.OO 
53 O.OOOOOO 0.00 0.707672 77.11 0.000000 O.OO 
54 0.000000 O.OO 0.707681 77.11 0.000000 0.00 
55 O.OOOOOO O.OO 0.707654 77.11 0.000000 O.OO 
56 0.427113 74.31 0.706745 76.77 0.417105 74.51 
44 0.000000 O.OO 0.011593 -159.57 O.OOOOOO 0.00 
LOAD 0.000000 0.00 0.011593 20.43 0.000000 0.00 
44 0. ,000000 0 .00 0. 103529 -159. 29 0 OOOOOO 0 .00 
48 0. 000000 0. 00 0. 011405 21 , .04 0 OOOOOO 0 .00 
49 O. OOOOOO O. oo o. 034558 20. 66 0 OOOOOO 0 .00 
52 0. 000000 0 .00 0. 045975 20 .74 0 OOOOOO 0 oo 
LOAD 0 .OOOOOO 0 .00 0 .011592 20 .43 0 OOOOOO 0 .00 
47 0.000000 O.OO 0.011591 -159.58 O.OOOOOO O.OO 
LOAD 0.000000 0.00 0.011591 20.42 0.000000 0.00 
47 
50 
51 
LOAD 
0. 
0. 
O. 
0. 
OOOOOO 
OOOOOO 
OOOOOO 
OOOOOO 
0. 
0. 
0. 
0. 
00 
00 
00 
00 
0^  
0 .  
o .  
0 .  
034689 
011549 
011549 
011591 
-159. 
20. 
20. 
20. 
49 
56 
56 
42 
0. 
0. 
0. 
0. 
OOOOOO 
OOOOOO 
OOOOOO 
OOOOOO 
0. 
0. 
0. 
0. 
00 
00 
00 
oo 
t-' 
49 
LOAD 
O. 
0. 
OOOOOO 
OOOOOO 
o. 
0. 
oo 
oo 
o .  
0 .  
011591 
011591 
-159. 
20. 
58 
42 
0. 
0. 
OOOOOO 
OOOOOO 
0^  
0. 
ot 
oo 
49 
LOAD 
G 
0, 
.OOOOOO 
OOOOOO 
a 
0. 
GO 
00 
G 
0 
.011591 
.011591 
-159. 
20. 
58 
42 
O 
0 
OOOOOO 
OOOOOO 
o. 
o 
.66 
oo  
47 
53 
54 
55 
LOAD 
0 
0 
0 
0 
O 
•OOOOOO 
.OOOOOO 
OOOOOO 
•OOOOOO 
OOOOOO 
0. 
0. 
0 
0 
0 
oo 
00 
.00 
.00 
• OO 
0 
0 
0 
0 
o 
.046079 
•011514 
•011570 
•011404 
.011591 
-159 
20 
20 
21 
20 
.34 
.67 
.49 
.04 
• 42 
O 
0 
0 
0 
0 
•OOOOOO 
OOOOOO 
OOOOOO 
•OOOOOO 
•OOOOOO 
o 
0 
0 
0 
0 
.00 
.00 
.00 
• 00 
• 00 
52 
LOAD 
0 
o 
•OOOOOO 
OOOOOO 
0 
o 
• 00 
• OO 
0 
o 
.011591 
.011591 
-159 
20 
.58 
• 42 
0 
O 
•OOOOOO 
•OOOOOO 
0 
o 
• 00 
• OO 
52 
LOAD 
o 
0 
.OOOOOO 
OOOOOO 
0 
0 
• 00 
.00 
0 
0 
.011591 
.011591 
-159 
20 
.58 
.42 
O 
O 
.OOOOOO 
.OOOOOO 
0 
0 
.00 
.00 
52 
LOAD 
0 
0 
.OOOOOO 
.OOOOOO 
0 
0 
.00 
• OO 
0 
o 
.011590 
.011590 
-159 
20 
.58 
.42 
0 
0 
.000000 
OOOOOO 
0 
0 
.00 
.OO 
57 O.419022 73.78 O.699352 76.44 0.409231 74.00 
58 0.000000 0.00 0.000000 0.00 0.409193 74.00 
59 0.000000 O.OO O.OOOOOO 0.00 0.409176 74.OO 
60 0.414963 73.51 0.695640 76.27 0.405302 73.74 
61 0.408982 73.14 0.688559 76.04 0.399639 73.39 
HARMONIC ANALYSIS FOR HARMONIC ORDER 5 (FREQUENCY = 300 HZ) 
PHASE A 
MAG(PERCENT) ANG(DEGREE) 
HARMONIC CURRENT AT BUS 24 0 .OOOOOO 0 .00 
HARMONIC CURRENT AT BUS 25 0. 430560 0 00 
HARMONIC CURRENT AT BUS 26 0. 430560 0 .00 
HARMONIC CURRENT AT BUS 27 0, .430560 0, .00 
HARMONIC CURRENT AT BUS 28 0. 430560 0 .00 
HARMONIC CURRENT AT BUS 31 0 .OOOOOO 0 .00 
HARMONIC CURRENT AT BUS 32 0 .OOOOOO 0 .00 
HARMONIC CURRENT AT BUS 33 0 .OOOOOO o OO 
HARMONIC CURRENT AT BUS 34 0 .OOOOOO 0 .00 
HARMONIC CURRENT AT BUS 35 0. OOOOOO 0 .00 
HARMONIC CURRENT AT BUS 36 0. OOOOOO 0 .00 
HARMONIC CURRENT AT BUS 37 0 .OOOOOO 0 .00 
HARMONIC CURRENT AT BUS 38 0 .OOOOOO 0 .00 
HARMONIC CURRENT AT BUS 39 0, .OOOOOO o. 00 
HARMONIC CURRENT AT BUS 40 0, .OOOOOO 0 .00 
41 1.548506 -152.85 1.416796 -111.30 0.810308 -63.53 
57 2.168788 13.35 2.022955 30.67 2.153314 13.67 
LOAD O.OOOOOO 0.00 O.OOOOOO O.OO 0.059170 17.84 
CAP. 0.760603 164.31 1.258571 166.77 0.742781 164.51 
56 2.168825 -166.65 
58 O.000000 O.00 
60 2.168825 13.35 
LOAD 0.000000 0.00 
2.023092 -149.33 
0.000000 0.00 
2.023092 30.67 
O.OOOOOO 0.00 
2.153372 
0.029292 
2.119255 
0.004899 
•166.33 
17.43 
13.61 
17.30 
57 
59 
LOAD 
O.OOOOOO 
0.000000 
O.OOOOOO 
0.00 
0.00 
0.00 
O.OOOOOO 
0.000000 
O.OOOOOO 
0.00 
0.00 
0.00 
0.029344 
0.014648 
0.014696 
-162.64 
17.42 
17.30 
58 
LOAD 
0.000000 
0.OOOOOO 
0.00 
0.00 
0.000000 
0.000000 
0.00 
0.00 
0.014696 
0.014696 
•162.70 
17.30 
57 2.168843 -166.65 
61 2.168843 13.35 
LOAD 0.OOOOOO O.00 
2.023161 -149.33 
3.651387 16.25 
O.030443 19.58 
2.119283 -166.39 
2.119283 13.61 
0.OOOOOO O.OO 
60 
LOAD 
2.168865 -166.65 
2.168865 13.35 
3.651488 -163.75 
3.651488 16.25 
S 
2.119317 -166.39 
2.119317 13.61 
MAG(PERCENT) ANG(DEGREE) MAG(PERCENT) ANG(DEGREE) 
0. OOOOOO 0. 00 0 .430560 240. ,00 
0. ,OOOOOO 0. 00 0. OOOOOO 0. ,00 
0. ,OOOOOO 0. 00 0 .OOOOOO 0, .00 
0. ,OOOOOO 0. ,00 0, .OOOOOO 0. 00 
0. ,OOOOOO 0. ,00 0 .OOOOOO 0. OO 
0 .430560 120, .00 0 .000000 0, .00 
0 .430560 120. 00 0 .000000 0. 00 
0. 430560 120. OO 0, .OOOOOO 0 OO 
0. 430560 120 .00 0 OOOOOO 0 .00 
0 .430560 120. 00 o OOOOOO 0. 00 
0. 430560 120. 00 0 .000000 0, .00 
0 .OOOOOO 0 OO 0 .430560 240 .00 
0 .OOOOOO 0. ,00 0 .430560 240. ,00 
0. 430560 120 .00 o. OOOOOO O, OO 
0 .430560 120. 00 0 .OOOOOO 0, .00 
HARMONIC CURRENT AT BUS 56 0.000000 O.OO 
HARMONIC CURRENT AT BUS 60 0.000000 0.00 
VOLTAGE (PERCENT) 
FROM PHASE A PHASE B PHASE C 
BUS MAGNITUDE ANGLE MAGNITUDE ANGLE MAGNITUDE ANGLE 
22 0.005309 33.06 0.005435 177.70 0.003265 -72.51 
23 0.067151 81.98 0.144066 -164.94 0.060397 -39.77 
24 0.093202 95.76 0.228458 -168.37 0.070872 -50.21 
25 0.109792 100.96 0.274393 -169.58 0.072518 -55.76 
26 0.113784 100.01 0.000000 0.00 0.000000 0.00 
27 O.I 14188 99.92 O.OOOOOO O.OO 0.000000 O.OO 
28 O.I 15649 99.60 O.OOOOOO 0.00 0.000000 0.00 
29 0.109548 102.52 0.284234 -169.48 0.074134 -57.67 
30 0.109385 104.10 0.294187 -169.38 0.075847 -59.51 
O.OOOOOO 
0.430560 
0.00 
120.00 
0.430560 
0.000000 
240.00 
0.00 
CURRENT (PERCENT) 
TO --PHASE A PHASE B PHASE C 
BUS MAGNITUDE ANGLE MAGNITUDE ANGLE MAGNITUDE ANGLE 
23 3. 262950 125. 09 3. 340225 -90. 27 2. 006692 19. 52 
22 
24 
2. 
2. 
084232 
084232 
-6. 
173. 
67 
33 
4. 
4. 
537986 
537986 
105. 
-74. 
06 
94 
1 . 
1 . 
850187 
850187 
-130. 
49. 
68 
32 
23 
25 
LOAD 
2. 
2. 
0. 
083836 
083836 
OOOOOO 
-6. 
173. 
0. 
67 
33 
00 
4. 
4. 
0. 
537305 
537305 
OOOOOO 
105, 
-74, 
0. 
06 
94 
00 
1 . 
1 . 
0. 
849851 
433458 
006009 
-130. 
46. 
-92. 
68 
28 
10 
24 
26 
29 
LOAD 
2. 
1 . 
0. 
0. 
083577 
,255145 
,426508 
007654 
-6 , 
177 
155. 
59. 
67 
,22 
,85 
,06 
4. 
0. 
4. 
O. 
536833 
OOOOOO 
536833 
OOOOOO 
105, 
0, 
-74. 
O. 
06 
,oo 
,94 
OO 
1 , 
0. 
1. 
o. 
433246 
OOOOOO 
,433246 
OOOOOO 
-133. 
0. 
46, 
0, 
72 
00 
28 
OO 
25 
27 
28 
LOAD 
1 . 
0. 
0. 
0 
255099 
418419 
,418201 
,023797 
-2, 
177 
177 
58 
,78 
.23 
.20 
. 12 
0. 
0, 
0, 
0 
OOOOOO 
OOOOOO 
OOOOOO 
OOOOOO 
0, 
0 
0 
0 
oo 
,00 
.00 
.00 
o. 
0 
0 
0 
OOOOOO 
OOOOOO 
OOOOOO 
.000000 
0. 
0. 
0, 
0 
o\ 
OO 
,00 
OO 
,00 
26 
LOAD 
0 
0 
.418405 
.023882 
-2 
58 
.78 
.03 
0 
0, 
OOOOOO 
,OOOOOO 
O 
0 
.00 
.00 
0 
0 
.OOOOOO 
OOOOOO 
0. 
0 
OO 
,00 
26 
LOAD 
0 
0 
.418136 
.024187 
-2 
57 
.80 
.70 
0. 
0 
,000000 
,OOOOOO 
0 
0 
.00 
.00 
0 
0 
OOOOOO 
.000000 
0 
0 
.00 
.00 
25 
30 
LOAD 
0 
0 
0 
.426451 
.426518 
.000739 
-24 
155 
60 
. 15 
.95 
.69 
4 
4 
0 
.536727 
.536727 
.OOOOOO 
105 
-74 
0 
.06 
.94 
.00 
1 
1 
0 
.433200 
.433200 
. OOOOOO 
-133 
46 
0 
.72 
.28 
.00 
29 
31 
41 
LOAD 
0 
O 
0 
0 
.426461 
.325863 
.290731 
.001157 
-24 
-160 
106 
62 
.05 
.98 
.36 
.00 
4 
4 
0 
0 
.536617 
. 232186 
.801115 
.OOOOOO 
105 
-65 
-137 
0 
.06 
.24 
.84 
.00 
1 
1 
0 
0 
.433153 
.064874 
.390812 
.000000 
-133 
52 
29 
0 
.72 
. 35 
.54 
.00 
31 0.108820 107.30 0.310717 -168.77 0.078362 -62.69 
32 O.OOOOOO O.OO 0.316530 -168.66 O.OOOOOO O.OO 
33 O.OOOOOO O.OO 0.317726 -168.64 0.000000 0.00 
34 O.OOOOOO O.OO 0.323105 -168.55 0.000000 0.00 
35 0.000000 0.00 0.323537 -168.54 0.000000 0.00 
36 O.OOOOOO O.OO 0.325098 -168.52 O.OOOOOO O.OO 
37 0.108841 109.05 0.321536 -168.46 0.083330 -63.58 
38 0.000000 0.00 0.000000 0.00 0.086201 -62.83 
39 0.108794 109.45 0.323391 -168.39 0.083279 -64.02 
40 O.OOOOOO O.OO O.326367 -168.34 O.OOOOOO 0.00 
30 0.325781 19.03 4.231989 114.76 1.064791 -127.65 
32 0.000000 0.00 2.048470 -61.68 O.OOOOOO 0.00 
37 0.325781 -160.97 1.772590 -70.49 1.064791 52.35 
LOAD 0.000000 0.00 0.007844 149.34 O.OOOOOO O.OO 
31 0.000000 0.00 2.048367 118.32 O.OOOOOO 0.00 
33 0.000000 0.00 0.409887 -61.66 0.000000 0.00 
34 O.OOOOOO 0.00 1.228626 -61.70 O.OOOOOO O.OO 
LOAD O.OOOOOO 0.00 0.023971 149.44 0.000000 0.00 
32 O.OOOOOO O.OO 0.409781 118.35 0.000000 0.00 
LOAD O.OOOOOO 0.00 0.024061 149.46 O.OOOOOO O.OO 
32 O.OOOOOO 0.00 1.228429 118.30 O.OOOOOO 0.00 
35 O.OOOOOO 0.00 0.409465 -61.69 O.OOOOOO 0.00 
36 0.000000 0.00 0.409512 -61.71 0.000000 0.00 
LOAD 0.000000 0.00 0.024469 149.55 0.000000 0.00 
ON 
34 0.000000 0.00 0.409425 118.31 O.OOOOOO 0.c58 
LOAD 0.000000 0.00 0.024501 149.56 0.000000 0.00 
34 O.OOOOOO 0.00 O.409330 118.30 O.OOOOOO O.00 
LOAD 0.000000 O.OO 0.024620 149.58 O.OOOOOO 0.00 
31 O.325643 19.05 1.772248 109.51 1.064649 -127.65 
38 0.000000 0.00 0.OOOOOO 0.00 0.420266 59.61 
39 0.000056 163.81 0.830455 -61.24 0.000048 44.97 
LOAD O.OOOOOO O.OO 0.000000 0.00 0.003463 -105.48 
CAP. O.325597 -160.95 0.961875 -78.46 0.249283 26.42 
37 O.OOOOOO 0.00 O.OOOOOO O.OO 0.420203 -120.39 
LOAD 0.000000 0.00 0.000000 0.00 0.010746 -104.72 
37 0.000000 148.17 0.830342 118.76 0.000000 179.30 
40 O.OOOOOO O.OO 0.407572 -61.90 O.OOOOOO 0.00 
LOAD O.OOOOOO 0.00 O.008935 149.72 O.OOOOOO 0.00 
39 0.000000 0.00 0.407298 118.11 0.000000 0.00 
LOAD 0.OOOOOO O.OO 0.027053 149.77 0.OOOOOO 0.00 
41 0.109979 103.63 0.295158 -169.91 0.076585 -59.36 
42 0.000000 0.00 0.294987 -169.93 0.000000 0.00 
43 O.OOOOOO 0.00 O.294975 -169.93 0.000000 O.OO 
44 O.OOOOOO 0.00 0.294904 -169.94 0.000000 0.00 
45 0.OOOOOO 0.00 0.294899 -169.95 0.OOOOOO 0.00 
46 0.OOOOOO O.OO 0.294893 -169.95 O.OOOOOO O.OO 
47 0.000000 0.00 0.294862 -169.95 0.000000 0.00 
48 0.000000 0.00 0.294850 -169.95 O.OOOOOO O.OO 
49 0.OOOOOO 0.00 0.294835 -169.95 0.000000 0.00 
50 0.OOOOOO 0.00 0.294832 -169.96 0.000000 0.00 
30 0.290669 -73.65 0.801014 42.14 0.390722 -150.46 
42 0.000000 0.00 0.050005 149.25 0.000000 0.00 
56 0.290669 106.35 0.787494 -134.29 0.390722 29.54 
LOAD O.OOOOOO O.OO 0.001212 148.18 O.OOOOOO 0.00 
41 0.000000 0.00 O.050105 -30.88 O.OOOOOO 0.00 
43 0.000000 0.00 0.003536 149.97 0.000000 0.00 
44 O.OOOOOO 0.00 0.042936 149.13 0.000000 0.00 
LOAD 0.OOOOOO 0.00 0.003635 148.16 O.OOOOOO O.OO 
42 0.OOOOOO O.OO 0.003634 -31.84 0.000000 0.00 
LOAD 0.OOOOOO O.OO 0.003634 148.16 0.OOOOOO 0.00 
42 0.000000 0.00 0.042992 -30.96 0.000000 0.00 
45 O.OOOOOO O.OO 0.003591 148.90 O.OOOOOO O.OO 
46 0.OOOOOO 0.00 0.003546 149.74 0.000000 0.00 
47 0.OOOOOO 0.00 0.032222 149.08 0.000000 0.00 
LOAD 0.OOOOOO O.OO 0.003634 148.15 0.OOOOOO 0.00 
S 
44 O.OOOOOO O.OO 0.003634 -31.85 O.OOOOOO 0.00 
LOAD 0.000000 0.00 0.003634 148.15 0.000000 0.00 
44 0.000000 0.00 0.003633 -31.85 0.OOOOOO 0.00 
LOAD O.OOOOOO O.OO 0.003633 148.15 O.OOOOOO O.OO 
44 O.OOOOOO O.OO 0.032260 -30.99 0.OOOOOO 0.00 
48 O.OOOOOO 0.00 0-003531 150.02 O.OOOOOO 0.00 
49 0.OOOOOO O.OO 0.010780 148.8* O.OOOOOO 0.00 
52 0.OOOOOO 0.00 0.014317 149.10 O.OOOOOO 0.00 
LOAD 0.OOOOOO 0.00 0.003633 148.14 O.OOOOOO 0.00 
47 0.OOOOOO 0.00 0.003633 -31.86 O.OOOOOO 0.00 
LOAD 0.OOOOOO 0.00 0.003633 148.14 0.OOOOOO 0.00 
47 0.000000 0.00 0.010852 -31.59 0.000000 0.00 
50 O.OOOOOO 0.00 0.003610 148.54 O.OOOOOO 0.00 
51 0.000000 0.00 0.003610 148.54 0.000000 0.00 
LOAD O.OOOOOO 0.00 O.003633 148.14 O.OOOOOO O.OO 
49 O.OOOOOO 0.00 0.003633 -31.86 0.OOOOOO 0.00 
51 O.OOOOOO O.OO O.294832 -169.96 O.OOOOOO O.OO 
52 0.000000 0.00 0.294834 -169.95 0.000000 0.00 
53 O.OOOOOO 0.00 O.294829 -169.96 O.OOOOOO O.OO 
54 0.OOOOOO 0.00 0.294833 -169.96 0.000000 0.00 
55 0.000000 0.00 O.294822 -169.96 0.000000 O.OO 
56 0.110406 103.29 0.296083 -170.30 0.077195 -59.28 
57 0.110235 102.56 0.294165 -170.68 0.076471 -59.02 
58 0.OOOOOO 0.00 0.000000 0.00 0.076464 -59.02 
59 O.OOOOOO O.OO O.OOOOOO O.OO 0.076461 -59.02 
60 0.110154 102.19 0.293199 -170.88 0.076112 -58.88 
LOAD 0. OOOOOO 0. 00 0. 003633 148. 14 0. OOOOOO 0. 00 
49 0. OOOOOO 0. 00 0. 003633 -31 . 86 0. OOOOOO 0. 00 
LOAD 0. OOOOOO 0. OO 0. 003633 148. 14 0. OOOOOO 0. OO 
47 0. OOOOOO 0. 00 0. 014374 -31 . 16 0. OOOOOO 0. OO 
53 0. OOOOOO 0. 00 0. 003591 148. 89 0. OOOOOO 0. 00 
54 0. OOOOOO 0. 00 0. 003621 148. 34 0. OOOOOO 0. OO 
55 0. OOOOOO 0. 00 0. 003531 150. 01 O. OOOOOO 0. OO 
LOAD 0. OOOOOO 0. 00 0. 003633 148. 14 0. OOOOOO 0. OO 
52 0. OOOOOO 0. OO 0. 003633 -31 . 86 0. OOOOOO 0. 00 
LOAD 0. OOOOOO 0. 00 0, 003633 148. 14 0. OOOOOO 0. 00 
52 0. OOOOOO 0. 00 0. 003633 -31 . 86 0. OOOOOO 0. 00 
LOAD 0. OOOOOO 0 OO 0 .003633 148. .14 O. OOOOOO O OO 
52 0 .OOOOOO O OO 0 .003633 -31 . 87 0 OOOOOO 0 .00 
LOAD 0. OOOOOO 0 .00 0 003633 148. 13 0 .OOOOOO 0 .00 
41 0. 290619 -73 .67 0. 787403 45. 70 0 .390651 -150 .4^  
57 0 .426312 56 . 19 0 .760828 156 .56 0 .297790 -103 .75 
LOAD 0 .OOOOOO 0 .00 0 .OOOOOO 0 OO 0 .008239 -101 . 17 
CAP. 0 .327686 -166 .71 0 .878773 -80. 30 0 .229116 30 .72 
56 0 .426338 -123 .82 0 .760937 -23 .45 0 .297857 76 .25 
58 0 .OOOOOO 0 .00 0 .OOOOOO 0 .00 0 .004106 -100 .56 
60 0 .426338 56 . 18 0 .760937 156 .55 0 .293070 -103 .81 
LOAD 0 .000000 0 .00 0 .OOOOOO 0 .00 0 .000689 -100 .94 
57 0 .OOOOOO O .OO 0 .OOOOOO 0 .OO o .004119 79 .24 
59 o .OOOOOO O .00 o .OOOOOO O OO o .002054 - iOO .58 
LOAD 0 OOOOOO 0 .00 0 OOOOOO 0 .00 0 .002066 -100 .95 
58 0 .OOOOOO 0 OO 0 •OOOOOO 0 .00 0 .002065 79 .05 
LOAD 0 .OOOOOO 0 .00 0 .OOOOOO O .00 0 .002065 -100 .95 
57 0 .426351 -123 .82 0 .760992 -23 .46 o .293103 76 . 19 
61 0 .426351 56 . 18 1 .126586 143 .47 0 .293103 -103 .81 
LOAD 0 .OOOOOO 0 .00 0 .009652 147 .20 0 .OOOOOO 0 .00 
61 0.110143 101.53 0.291052 -171.17 0.075728 -58.45 
HARMONIC ANALYSIS FOR HARMONIC ORDER 7 (FREQUENCY = 420 HZ) 
MAG(PERCENT) ANG(DEGREE) 
HARMONIC CURRENT AT BUS 24 O. ,oooooo o. 00 
HARMONIC CURRENT AT BUS 25 0. 215280 0, .00 
HARMONIC CURRENT AT BUS 26 0. 215280 0. 00 
HARMONIC CURRENT AT BUS 27 0. 215280 0. 00 
HARMONIC CURRENT AT BUS 28 0. 215280 0, ,00 
HARMONIC CURRENT AT BUS 31 0 OOOOOO 0 .00 
HARMONIC CURRENT AT BUS 32 0 .OOOOOO o .00 
HARMONIC CURRENT AT BUS 33 0, .OOOOOO 0 .00 
HARMONIC CURRENT AT BUS 34 0. OOOOOO 0. 00 
HARMONIC CURRENT AT BUS 35 O .000000 0, .00 
HARMONIC CURRENT AT BUS 36 0 .OOOOOO 0, .00 
HARMONIC CURRENT AT BUS 37 0 .OOOOOO 0. 00 
HARMONIC CURRENT AT BUS 38 0 .000000 0 .00 
HARMONIC CURRENT AT BUS 39 0 .OOOOOO 0, .00 
HARMONIC CURRENT AT BUS 40 O .OOOOOO 0. oo 
HARMONIC CURRENT AT BUS 56 0 .OOOOOO 0 .00 
HARMONIC CURRENT AT BUS 60 0 .OOOOOO 0, .00 
VOLTAGE (PERCENT) 
FROM PHASE A PHASE B PHASE C 
BUS MAGNITUDE ANGLE MAGNITUDE ANGLE MAGNITUDE ANGLE 
22 0.005577 105.39 0.005636 -41.97 0.003151 -149.32 
23 0.049673 87.75 O.144404 -66.79 0.089562 -175.22 
24 0.044670 99.50 0.223593 -72.07 0.142096 -168.91 
25 0.043059 104.90 0.265815 -73.34 0.167000 -167.37 
60 0.426366 -123.83 1.126671 -36.53 0.293144 76.19 
LOAD 0.426366 56.17 1.126671 143.47 0.293144-103.81 
PHASE PHASE 
UPERCENT) ANG(DEGREE) MAG(PERCENT) ANG(DEGREE 
0.OOOOOO O.OO 0.215280 120.00 
O.OOOOOO O.OO 0.000000 0.00 
0.OOOOOO O.OO O.OOOOOO O.OO 
0.000000 0.00 O.OOOOOO O.OO 
0.000000 0.00 0.000000 0.00 
0.215280 240.00 0.000000 0.00 
0.2152B0 240.00 O.OOOOOO 0.00 
0.215280 240.00 0.000000 0.00 
0.215280 240.00 0.OOOOOO 0.00 
0.215280 240.00 0.000000 0.00 
0.215280 240.00 0.000000 0.00 
0.OOOOOO 0.00 0.215280 120.00 
0.000000 0.00 0.215280 120.00 
0.215280 240.00 O.OOOOOO 0.00 
0.215280 240.00 0.OOOOOO O.OO 
0.000000 0.00 0.215280 120.00 
0.215280 240.00 0.000000 0.00 
CURRENT (PERCENT) 1-
TO PHASE A PHASE B PHASE C 
BUS MAGNITUDE ANGLE MAGNITUDE ANGLE MAGNITUDE ANGLE 
23 2. 449049 -163 , 16 2 ,475102 49, ,48 1 , .383652 -57 . 87 
22 1 , .070327 -1 .56 3 ,243930 -157 ,  18 2 .010927 95. ,84 
24 1 . ,070327 178 .44 3. ,243930 22 ,82 2 .010927 -84. , 16 
23 1 . ,069814 
-1 .56 3, 242958 -157 , 18 2 .010332 95, 84 
25 1 . ,069814 178. 44 3, 242958 22 ,82 1 , .820534 -86, 63 
LOAD 0 ,OOOOOO 0 .00 0 ,OOOOOO 0 ,00 0 .010814 158. ,73 
24 1 .069497 -1 .55 3 .242290 -157 , 18 1 .820125 93. ,37 
26 0 .637691 177 .79 0 .OOOOOO 0, ,00 0 .OOOOOO 0 ,00 
29 0 ,217423 179 .52 3 .242290 22 .82 1 .820125 -86 ,63 
LOAD 0.002694 72.54 0.000000 0.00 O.OOOOOO 0.00 
26 0.045849 103.22 0.000000 0.00 0.000000 0.00 
27 0.046132 103.06 0.OOOOOO 0.00 0.000000 0.00 
28 0.047158 102.50 0.000000 0.00 0.000000 0.00 
29 0.040244 107.55 0.275409 -73.65 0.172456 -166.77 
30 0.037498 110.63 O.285117 -73.94 0.177990 -166.19 
31 0.032446 113.25 0.299448 -73.44 0.183464 -164.68 
32 O.OOOOOO 0.00 0.302677 -73.04 0.000000 0.00 
33 0.OOOOOO 0.00 0.303343 -72.96 0.000000 0.00 
34 0.000000 0.00 0.306347 -72.61 0.000000 0.00 
35 O.OOOOOO 0.00 0.306583 -72.58 0.000000 O.OO 
25 0.637666 -2.21 O.OOOOOO O.OO O.OOOOOO O.OO 
27 0.212582 177.80 0.OOOOOO 0.00 O.OOOOOO O.OO 
28 0.212472 177.76 0.OOOOOO 0.00 0.000000 0.00 
LOAD 0.008607 70.85 0.000000 0.00 O.OOOOOO 0.00 
26 O.212574 -2.20 O.OOOOOO O.OO O.OOOOOO O.OO 
LOAD 0.008660 70.69 O.OOOOOO 0.00 O.OOOOOO O.OO 
26 0.212435 -2.25 0.000000 0.00 0.000000 0.00 
LOAD 0.008853 70.14 0.000000 O.OO O.OOOOOO O.OO 
25 0.217356 -0.48 3.242142 -157.18 1.820034 93.37 
30 0.217416 179.58 3.242142 22.82 1.820034 -86.63 
LOAD 0.000244 75.25 0.OOOOOO 0.00 0.000000 0.00 
29 0.217348 -0.42 3.241987 -157.18 1.819940 93.37 
31 0.119740 -146.61 2.706770 39.44 1.222799 -69.81 
41 0.135275 150.25 1.009479 -27.23 0.739700 -115.22 
LOAD 0.000356 78.08 0.000000 0.00 0.000000 0.00 
30 0.119647 33.43 2.706503 -140.56 1.222637 110.20 
32 O.OOOOOO 0.00 0.977156 58.40 O.OOOOOO O.OO 
37 0.119647 -146.57 1.633455 25.65 1.222637 -69.80 
LOAD 0.OOOOOO 0.00 0.006785 -105.81 O.OOOOOO 0.00 
31 O.OOOOOO 0.00 0.977048 -121.59 O.OOOOOO O.OO 
33 O.OOOOOO 0.00 0.195514 58.44 0.OOOOOO 0.00 
34 O.OOOOOO 0.00 0.586096 58.37 O.OOOOOO 0.00 
LOAD 0.000000 0.00 0.020574 -105.41 0.000000 0.00 
32 0.OOOOOO 0.00 0.195402 -121.53 0.000000 0.00 
LOAD O.OOOOOO O.OO 0.020619 -105.33 O.OOOOOO O.OO 
32 0.OOOOOO 0.00 0.585889 -121.61 O.OOOOOO O.OO 
35 0.OOOOOO 0.00 0.195271 58.40 O.OOOOOO 0.00 
36 0.OOOOOO 0.00 0.195375 58.35 0.OOOOOO 0.00 
LOAD 0.000000 0.00 0.020824 -104.97 O.OOOOOO O.OO 
34 O.OOOOOO O.OO 0.195230 -121.59 O.OOOOOO O.OO 
36 
37 
0.000000 0.00 0.307462 -72.48 0.000000 0.00 
O.028519 123.51 0.314280 -73.94 O.194935 -163.28 
38 0.000000 0.00 0.000000 0.00 0.196960 -163.28 
39 0.028042 123.16 0.315276 -73.80 O.194692 -163.17 
40 0.000000 0.00 0.316907 -73.61 0.000000 0.00 
41 0.038027 114.49 0.288106 -75.05 O.182763 -166.84 
42 0.000000 0.00 0.287941 -75.09 0.000000 0.00 
43 O.OOOOOO O.OO 0.287929 -75.09 O.OOOOOO O.OO 
44 0.000000 0.00 0.287860 -75.11 0.000000 0.00 
45 0.000000 0.00 0.287855 -75.11 0.000000 0.00 
LOAD O.OOOOOO O.OO 0.020840 -104.95 O.OOOOOO O.OO 
34 O.OOOOOO O.OO 0.195184 -121.60 O.OOOOOO O.OO 
LOAD O.OOOOOC . O.OO 0.020899 -104.84 O.OOOOOO 0.00 
31 O.119493 33.49 1.632973 -154.35 1.222357 110.20 
38 0.000000 0.00 0.000000 0.00 0.200355 -64.43 
39 0.000066 174.52 0.400581 58.86 0.000099 -84.88 
LOAD O.OOOOOO O.OO O.OOOOOO 0.00 0.007271 164.36 
CAP. 0.119441 -146.49 1.316237 16.06 0.816407 -73.28 
37 0.000000 0.00 0.000000 0.00 0.200116 115.58 
LOAD O.OOOOOO 0.00 0.000000 0.00 0.022040 164.36 
37 0.000000 -160.95 0.400450 -121.12 O.OOOOOO 99.81 
40 0.000000 0.00 0.192779 58.22 0.000000 0.00 
LOAD O.OOOOOO O.OO O.007819 -106.16 O.OOOOOO 0.00 
W 
39 O.OOOOOO O.OO O.192489 -121.70 O.OOOOOO O.OO 
LOAD O.OOOOOO 0.00 0.023579 -105.97 0.000000 0.00 
30 O.135152 -29.78 1.009274 152.76 O.739535 64.77 
42 0.000000 0.00 0.043636 -105.52 0.000000 0.00 
56 O.135152 150.22 1.001186 -24.73 O.739535 -115.23 
LOAD O.OOOOOO O.OO O.001062 -107.42 0.000000 0.00 
41 O.OOOOOO O.OO 0.043742 74.24 O.OOOOOO 0.00 
43 O.OOOOOO 0.00 0.003079 -104.24 0.000000 0.00 
44 O.OOOOOO 0.00 0.037481 -105.73 0.000000 0.00 
LOAD 0.000000 O.OO 0.003184 -107.46 0.000000 0.00 
42 0.000000 0.00 0.003184 72.53 0.000000 0.00 
LOAD 0.000000 O.OO 0.003184 -107.47 O.OOOOOO O.OO 
42 O.OOOOOO O.OO O.037542 74.11 O.OOOOOO O.OO 
45 0.000000 0.00 0.003138 -106.15 0.000000 O.OO 
46 0.000000 0.00 0.003090 -104.65 0.000000 O.OO 
47 O.OOOOOO 0.00 0.028133 -105.82 O.OOOOOO O.OO 
LOAD 0.000000 0.00 0.003183 -107.48 0.000000 0.00 
46 0.000000 0.00 0.287850 -75.11 
47 0.000000 0.00 0.287820 -75.11 
0.OOOOOO 
0.000000 
0.00 
0.00 
48 0.000000 0.00 0.287808 -75.12 0.000000 0.00 
49 O.OOOOOO O.OO 0.287794 -75.12 0.000000 O.OO 
50 O.OOOOOO O.OO 0.287791 -75.12 0.000000 0.00 
51 0.OOOOOO 0.00 0.287791 -75.12 0.000000 0.00 
52 O.OOOOOO 0.00 0.287793 -75.12 0.OOOOOO 0.00 
53 0.000000 0.00 0.287788 -75.12 0.000000 0.00 
54 O.OOOOOO 0.00 0.287791 -75.12 0.000000 0.00 
55 O.OOOOOO O.OO O.287781 -75.12 O.OOOOOO 0.00 
44 0.000000 0.00 0.003183 72.52 0.OOOOOO O.OO 
LOAD O.OOOOOO 0.00 0.003183 -107.48 O.OOOOOO O.OO 
44 0. OOOOOO o. 00 o. 003183 72. 52 O. OOOOOO o. oo 
LOAD 0. OOOOOO 0. 00 0. 003183 -107. 48 0. OOOOOO 0. 00 
44 0. OOOOOO 0. 00 0. 028173 74. 05 0. OOOOOO 0. 00 
48 0. OOOOOO 0. 00 0. 003074 -104. 14 0. OOOOOO 0. oo 
49 0. OOOOOO 0. 00 o. 009419 -106. 24 0 OOOOOO 0. oo 
52 0. OOOOOO 0. 00 0. 012500 -105. 79 0. OOOOOO 0. 00 
LOAD 0. OOOOOO 0. 00 0. 003183 -107. 49 0. OOOOOO 0. oo 
47 0. ,OOOOOO 0. oo o. 003183 72. 51 0. OOOOOO 0. 00 
LOAD O .000000 0. 00 0. 003183 -107 .49 0 OOOOOO 0. 00 
47 0 OOOOOO 0 ,00 0. 003498 72 .98 0 .000000 0 .00 
50 0 OOOOOO 0. 00 0. 003158 -106 .77 0 OOOOOO 0, .00 
51 0. .OOOOOO 0. 00 0. 003158 -106 77 0 OOOOOO 0 .00 
LOAD O OOOOOO 0 .00 0 .003183 -107 .50 0 OOOOOO 0 .00 
49 0 OOOOOO 0 .00 0, .003183 72 .50 0 OOOOOO 0 .00 
LOAD 0 .OOOOOO 0 .00 0.003183 -107 .50 0 OOOOOO 0 oo 
49 0 .OOOOOO 0 oo o. 003183 72 .50 O OOOOOO o .00 
LOAD 0 .OOOOOO 0 .00 0 .003183 -107 .50 0 .OOOOOO 0 .00 
47 0 .OOOOOO 0 .00 0 .012560 73 .75 0 .OOOOOO 0 .00 
53 0 OOOOOO 0 .00 0, .003137 -106 . 16 0 .OOOOOO 0 .00 
54 0 .OOOOOO 0 .00 0 .003170 -107 . 14 0 .OOOOOO 0 .00 
55 0 .OOOOOO 0 .00 0 .003074 -104 . 15 0 OOOOOO 0 .00 
LOAD 0 .000000 0 .00 0 .003183 -107 .50 0 OOOOOO 0 .00 
52 0 .OOOOOO 0 .00 0 .003183 72 .50 0 OOOOOO 0 .00 
LOAD O .OOOOOO 0 oo o .003183 -107 .50 o .OOOOOO o .oo 
52 O .OOOOOO 0 .00 0 .003183 72 .50 0 .OOOOOO 0 .00 
LOAD 0 .000000 0 .00 0 .003183 -107 .50 0 .000000 0 .00 
52 0.000000 0.00 0.003182 72.50 0.OOOOOO 0.00 
LOAD 0.OOOOOO 0.00 0.003182 -107.50 0.OOOOOO O.OO 
56 0.038499 117.38 0.290682 -75.87 0.186507 -167.31 
57 0.040017 116.32 0.287513 -76.29 0.185031 -168.31 
58 O.OOOOOO O.OO O.OOOOOO O.OO 0.185014 -168.31 
59 0.000000 0.00 0.000000 0.00 0.185007 -168.32 
60 0.040782 115.82 0.285924 -76.50 0.184324 -168.81 
61 0.041962 115.42 0.283476 -76.86 0.183629 -169.48 
HARMONIC ANALYSIS FOR HARMONIC ORDER 9 (FREQUENCY = 540 HZ) 
PHASE A 
MAG(PERCENT) ANG(DEGREE) 
HARMONIC CURRENT AT BUS 24 0. ,OOOOOO 0. 00 
HARMONIC CURRENT AT BUS 25 0. . 143520 0. 00 
HARMONIC CURRENT AT BUS 26 0. 143520 0, 00 
HARMONIC CURRENT AT BUS 27 0. ,143520 0 .00 
HARMONIC CURRENT AT BUS 28 O. ,143520 0. oo 
HARMONIC CURRENT AT BUS 31 0. OOOOOO 0. 00 
HARMONIC CURRENT AT BUS 32 0. OOOOOO 0 .00 
HARMONIC CURRENT AT BUS 33 0. OOOOOO 0, .00 
HARMONIC CURRENT AT BUS 34 0. OOOOOO 0. 00 
HARMONIC CURRENT AT BUS 35 O. OOOOOO 0 .00 
HARMONIC CURRENT AT BUS 36 0 .OOOOOO 0 .00 
HARMONIC CURRENT AT BUS 37 0, OOOOOO 0 .00 
HARMONIC CURRENT AT BUS 38 O. OOOOOO o .oo 
41 0.135054 -29.80 1.001011 155.26 0.739402 64.76 
57 0.142855 79.98 0.760419-110.17 0.635421 155.09 
LOAD 0.000000 0.00 O.OOOOOO O.OO 0.017868 160.33 
CAP. 0.159971 -152.62 1.207843 14.13 0.774974 -77.31 
56 
58 
60 
LOAD 
0. 142863 
0.000000 
O.142863 
O.OOOOOO 
•100.06 
0.00 
79.94 
0.00 
O.760584 
0.000000 
0.760584 
O.OOOOOO 
69.81 
0.00 
-no. 19 
0.00 
O.635493 
0.008903 
0.625132 
0.001495 
-24.92 
159.98 
155.00 
159.30 
57 
59 
LOAD 
O.OOOOOO 
0.000000 
O.OOOOOO 
O.OO 
0.00 
0.00 
O.OOOOOO 
0.OOOOOO 
0.OOOOOO 
0.00 
O.OO 
O.OO 
0.008938 
0.004453 
0.004485 
-20.38 
159.95 
159.29 
58 
LOAD 
O.OOOOOO 
0.000000 
0.00 
0.00 
O.OOOOOO 
0.000000 
O.OO 
0.00 
0.00448S 
0.004485 
-20.71 
159.29 
57 
6 1  
LOAD 
0.142867 
O.142867 
0.OOOOOO 
-100.09 
79.91 
0.00 
0.760666 
O.965060 
0.008447 
69.81 
•112.38 
108.89 
0.625168 
0.625168 
0.OOOOOO 
Ui 
-25.01 
154.99 
O.OO 
60 0.142871 -100.11 O.965165 67.61 0.625211 -25.02 
LOAD 0.142871 79.89 0.965165 -112.39 0.625211 154.98 
PHASE B PHASE C 
MAG(PERCENT) ANG(DEGREE) MAG(PERCENT) ANG(DEGREE) 
0. 000000 0. 00 0. . 143520 0. 00 
0. .OOOOOO O. 00 0 .OOOOOO 0. 00 
0. OOOOOO 0. oo o. .OOOOOO 0. oo 
0 .OOOOOO 0, .00 0 .000000 0. 00 
0. OOOOOO 0. 00 0 .OOOOOO 0. 00 
o. 143520 o. 00 0 OOOOOO 0. 00 
0. 143520 0 .00 0 OOOOOO 0. ,00 
0 .143520 0 .00 o .OOOOOO o. oo 
0 .143520 0 .00 0 .000000 0 .00 
o .143520 0 oo 0. •OOOOOO 0. 00 
0 .143520 o oo o .OOOOOO 0, oo 
0 .000000 0 .00 0 .143520 0 .00 
o .OOOOOO 0 .00 0 . 143520 0 .00 
HARMONIC CURRENT AT BUS 39 
HARMONIC CURRENT AT BUS 40 
HARMONIC CURRENT AT BUS 56 
HARMONIC CURRENT AT BUS SO 
O.000000 
O.OOOOOO 
O.OOOOOO 
0.OOOOOO 
O.OO 
0.00 
0.00 
0.00 
VOLTAGE (PERCENT) 
FROM PHASE A PHASE B PHASE C 
BUS MAGNITUDE ANGLE MAGNITUDE ANGLE MAGNITUDE ANGLE 
22 0.003608 -166.72 0.003316 7.78 0.000442 59.25 
23 0.044734 -102.63 0.110392 -6.82 0.030631 -94.32 
24 0.089268 -83.01 O.184846 -14.78 O.071756 -76.70 
25 0.115621 -79.17 0.225148 -17.09 O.097206 -74.27 
26 0.112900 -78.91 0.000000 0.00 0.000000 0.00 
27 0.112625 -78.88 O.OOOOOO O.OO O.OOOOOO 0.00 
28 0.111636 -78.78 O.OOOOOO O.OO 0.000000 O.OO 
29 0.123438 -78.78 0.233667 -17.69 0.103333 -74.07 
30 0.131349 -78.44 0 242306 -18.25 0.109531 -73.89 
O.1435.O 
0.143520 
O.OOOOOO 
0.143520 
0.00 
0.00 
O.OO 
O.OO 
O.OOOOOO 
0.000000 
O.143520 
O.OOOOOO 
O.OO 
0.00 
O.OO 
O.OO 
TO 
BUS 
PHASE 
MAGNITUDE ANGLE 
-CURRENT (PERCENT)-
PHASE B 
MAGNITUDE ANGLE 
PHASE C 
MAGNITUDE ANGLE 
23 1.232507 -75.59 1.132850 98.91 0.150896 150.38 
22 0.796091 169.94 1.945076 -97.47 0.556728 178.98 
24 0.796091 -10.06 1.945076 82.53 0.556728 -1.02 
23 0.795757 169.96 
25 0.795757 -10.04 
LOAD 0.000000 0.00 
1.944191 -97.47 
1.944191 82.53 
0.OOOOOO 0.00 
0.556563 178.99 
0.701183 -0.38 
0.005231 -102.93 
24 O.795512 169.96 
26 0.449940 -172.53 
29 1.376784 -3.06 
LOAD O.006930 -105.41 
1.943568 -97.47 
0.OOOOOO 0.00 
1.943568 82.53 
O.OOOOOO 0.00 
0.701039 179.62 
0.OOOOOO O.00 
0.701039 -0.38 
O.OOOOOO 0.00 
25 0.450026 7.47 O.OOOOOO 0.00 O.OOOOOO O.OO 
27 0.150055 -172.52 0.OOOOOO 0.00 0.000000 0.00 
28 0.149862 -172.58 0.000000 0.00 O.OOOOOO 0.00 
LOAD 0.020300 -105.15 0.OOOOOO 0.00 O.OOOOOO 0.00 
26 0.150081 7.48 O.OOOOOO 0.00 O.OOOOOO O.OO 
LOAD 0.020251 -105.12 0.OOOOOO 0.00 O.OOOOOO 0.00 
26 O.149981 7.43 O.OOOOOO O.OO O.OOOOOO O.OO 
LOAD 0.020073 -105.02 0.OOOOOO 0.00 0.000000 0.00 
25 1.376731 176.94 1.943428 -97.47 0.701004 179.62 
30 1.376879 -3.03 1.943428 82.53 0.701004 -0.38 
LOAD 0.000716 -104.97 0.000000 0.00 0.000000 0.00 
29 1.376823 176.97 1.943282 -97.47 0.700967 179.62 
31 O.824651 15.70 1.453389 114.84 O.414776 31.89 
41 0.651801 -26.89 1.055781 35.15 0.414394 -32.68 
31 0.138034 -76.57 0.252432 -17.38 0.114838 -71.96 
32 O.OOOOOO O.OO 0.251611 -16.66 O.OOOOOO O.OO 
33 O.OOOOOO O.OO 0.251446 -16.51 O.OOOOOO 0.00 
34 0.OOOOOO 0.00 0.250734 -15.83 0.OOOOOO 0.00 
35 0.000000 0.00 0.250678 -15.77 0.000000 0.00 
36 O.OOOOOO O.OO 0.250479 -15.58 O.OOOOOO O.OO 
37 0.153094 -74.28 0.272163 -18.05 0.126840 -69.70 
38 0.OOOOOO 0.00 0.OOOOOO 0.00 0.125110 -69.37 
39 0.152682 -74,23 0.271839 -17.83 0.126511 -69.64 
40 O.OOOOOO O.OO 0.271373 -17.49 0.OOOOOO 0.00 
LOAD 0. 001193 -104. 83 0. OOOOOO 0. 00 0. OOOOOO 0. OO 
30 0. 824569 -164. 29 1 . 453162 -65. 15 0. 414726 -148. 10 
32 0. OOOOOO 0. 00 0. 659144 -175. 29 0. OOOOOO 0. OO 
37 0, 824569 15. ,71 1 . 389036 82. 31 0. 414726 31 , 90 
LOAD 0. OOOOOO 0. 00 0. 005478 -43. 62 0. OOOOOO 0, OO 
31 0. OOOOOO 0. 00 0. 659201 4, 72 0. OOOOOO 0. ,00 
33 0. OOOOOO 0. 00 O. 131909 -175. 23 0. OOOOOO 0. ,00 
34 0. OOOOOO 0. 00 O. 395302 -175. 34 0, OOOOOO 0. 00 
LOAD 0. OOOOOO 0. 00 0. 016381 -42. 90 0. OOOOOO 0. 00 
32 0. OOOOOO 0. OO 0. 131967 4, 83 0. OOOOOO 0. 00 
LOAD 0. 000000 0 .00 0. 016371 -42. 75 0 OOOOOO 0, .00 
32 0. ,OOOOOO 0 .00 0. 395406 4 ,70 0. OOOOOO 0. ,00 
35 O .OOOOOO 0 .00 O ,131827 -175 ,27 O ,OOOOOO o .00 
36 0 .OOOOOO 0 .00 0. 131723 -175 .38 0, OOOOOO 0, ,00 
LOAD 0 .000000 0 .00 0. 016324 -42, ,07 0, .000000 0, ,00 
t-l 
34 0 ,OOOOOO 0 .00 o . 131847 4 ,75 O OOOOOO 0 .00 
LOAD 0 OOOOOO 0 ,00 0 016321 -42, ,01 O, OOOOOO 0 ,00 
34 0 OOOOOO 0 .00 0 ,131815 4, ,73 0 ,OOOOOO 0 ,00 
LOAD 0 .OOOOOO 0 .00 0 .016308 -41 ,82 0, OOOOOO 0, ,00 
31 0 .824418 -164 .28 1 .388579 -97 ,69 0 ,414634 -148 ,09 
38 0 ,OOOOOO 0 .00 o ,OOOOOO 0 OO o ,145252 -174, ,76 
39 0 .000069 -24 .63 0 .268835 -176 .31 0 .000041 -6 ,53 
LOAD 0 .OOOOOO 0 .00 0 .OOOOOO 0 .00 0 .004531 -95 ,94 
CAP. 0 .824365 15 .72 1 .465515 71 .95 0 ,682993 20 ,30 
37 0 .OOOOOO 0 .00 0 .OOOOOO 0 .00 o .145445 5 .26 
LOAD 0 .000000 0 .00 0 .OOOOOO 0 ,00 0 .013409 -95 .61 
37 0 .000000 -57 .33 0 .268860 3 .72 0 OOOOOO -36 .40 
40 0 .OOOOOO 0 .00 0 .130061 -174 .28 0 .OOOOOO 0 .00 
LOAD o .OOOOOO 0 .OO 0 .00645B -44 .07 o .OOOOOO O .OO 
39 o .OOOOOO O .00 o ,130232 5 ,89 0 .OOOOOO 0 OO 
41 0.139435 -79.90 0.248045 -20.27 0.115816 -75.71 
42 0.000000 0.00 0.247904 -20.32 0.000000 0.00 
43 0.000000 0.00 0.247894 -20.32 0.000000 O.OO 
44 0.000000 0.00 0.247835 -20.35 O.OOOOOO 0.00 
45 0.000000 0.00 0.247831 -20.35 0.000000 0.00 
46 0.000000 0.00 0.247826 -20.35 0.000000 0.00 
47 O.OOOOOO O.OO O.247801 -20.36 O.OOOOOO O.OO 
48 O.OOOOOO O.OO 0.247790 -20.36 O.OOOOOO O.OO 
49 0.000000 O.OO 0.247778 -20.37 O.OOOOOO O.OO 
LOAD 0.000000 0.00 0.019340 -43.73 O.OOOOOO 0.00 
30 0.651670 153.11 1.055587 -144.86 0.414321 147.31 
42 0.000000 0.00 0.035919 -43.79 O.OOOOOO 0.00 
56 0.651670 -26.89 1.049185 37.11 0.414321 -32.69 
LOAD O.OOOOOO 0.00 0.000876 -46.51 O.OOOOOO 0.00 
41 O.OOOOOO 0.00 0.036012 135.87 O.OOOOOO O.OO 
43 0.000000 0.00 0.002533 -41.97 0.000000 0.00 
44 0.000000 0.00 0.030857 -44.10 0.000000 0.00 
LOAD O.OOOOOO 0.00 0.002626 -46.57 O.OOOOOO 0.00 
42 O.OOOOOO O.OO 0.002626 133.43 0.000000 O.OO 
LOAD 0.000000 0.00 0.002626 -46.57 O.OOOOOO 0.00 
42 0.000000 0.00 0.030910 135.68 0.000000 0.00 
45 0.000000 0.00 0.002584 -44.69 O.OOOOOO 0.00 
46 O.OOOOOO O.OO O.002543 -42.54 O.OOOOOO O.OO 
47 0.000000 0.00 0.023162 -44.22 0.000000 0.00 
L0AÛ 0.000000 O.OO 0.002625 -46.59 O.OOOOOO O.OO 
00 
44 0.000000 0.00 0.002625 133.40 O.OOOOOO 0.00 
LOAD O.OOOOOO O.OO 0.002625 -46.60 O.OOOOOO O.OO 
44 O.OOOOOO O.OO O.002625 133.40 O.OOOOOO 0.00 
LOAD 0.000000 0.00 0.002625 -46.60 0.000000 0.00 
44 0.000000 0.00 0.023197 135.59 O.OOOOOO 0.00 
48 O.OOOOOO O.OO 0.002529 -41.82 O.OOOOOO 0.00 
49 O.OOOOOO O.OO 0.007757 -44.83 O.OOOOOO 0.00 
52 0.000000 0.00 0.010291 -44.18 0.000000 0.00 
LOAD O.OOOOOO O.OO O.002625 -46.61 O.OOOOOO 0.00 
47 0.000000 0.00 0.002625 133.39 O.OOOOOO 0.00 
LOAD 0.000000 0.00 0.002625 -46.61 O.OOOOOO O.OO 
47 0.000000 0.00 0.007827 134.07 0.000000 0.00 
50 0.000000 0.00 0.002602 -45.58 O.OOOOOO 0.00 
51 0.000000 0.00 0.002602 -45.58 0.000000 0.00 
LOAD 0.000000 0.00 0.002624 -46.62 0.000000 0.00 
50 0.000000 0.00 0.247776 -20.37 0.OOOOOO 0.00 
51 O.OOOOOO O-OO o.247776 -20.37 O.OOOOOO O.OO 
52 0.OOOOOO 0.00 0.247778 -20.37 O.OOOOOO 0.00 
53 0.000000 O.OO 0.247773 -20.37 0.000000 O.OO 
54 0.000000 0.00 0.247775 -20.37 0.000000 0.00 
55 0.000000 0.00 0.247767 -20.37 O.OOOOOO 0.00 
56 0.145866 -80.92 0.252917 -21.75 0.120848 -76.99 
57 0.143924 -82.97 0.247519 -22.49 0.118738 -79.18 
58 0.000000 0.00 0.000000 0.00 O.118726 -79.19 
59 O.OOOOOO 0.00 O.OOOOOO O.OO O.118721 -79.19 
60 0.143018 -84.03 0.244814 -22.87 0.117749 -80.30 
49 O.OOOOOO 0.00 0.002624 133.38 O.OOOOOO 0.00 
LOAD O.OOOOOO 0.00 0.002624 -46.62 0.000000 0.00 
49 0.OOOOOO 0.00 0.002624 133.38 O.OOOOOO O.OO 
LOAD O.OOOOOO 0.00 0.002624 -46.62 O.OOOOOO O.OO 
47 0.000000 0.00 0.010344 135.16 O.OOOOOO 0.00 
53 O.OOOOOO O.OO 0.002583 -44.71 O.OOOOOO O.OO 
54 0.000000 0.00 0.002613 -46.10 0.000000 0.00 
55 O.OOOOOO 0.00 0.002529 -41.83 O.OOOOOO O.OO 
LOAD 0.000000 0.00 0.002624 -46.62 0.000000 0.00 
52 0.OOOOOO 0.00 0.002624 133.38 O.OOOOOO O.OO 
LOAD 0.000000 0.00 0.002624 -46.62 0.000000 0.00 
52 0.OOOOOO 0.00 0.002624 133.38 0.OOOOOO O.OO 
LOAD O.OOOOOO 0.00 0.002624 -46.62 0.000000 0.00 
vD 
52 0.000000 0.00 0.002624 133.38 O.OOOOOO 0.00 
LOAD 0.000000 0.00 0.002624 -46.62 O.OOOOOO 0.00 
41 0.651562 153.11 1.049018 -142.90 0.414260 147.31 
57 0.458198 -114.27 O.706983 -61.64 0.382620 -110.56 
LOAD 0.OOOOOO 0.00 0.OOOOOO 0.00 0.011089 -103.23 
CAP. 0.779275 9.08 1.351184 68.25 0.645617 13.01 
56 0.458186 65.71 0.707179 118.35 0.382627 69.43 
58 0.OOOOOO 0.00 0.000000 0.00 0.005468 -104.47 
60 0.458186 -114.29 0.707179 -61.65 0.376275 -110.67 
LOAD 0.OOOOOO 0.00 0.000000 0.00 0.000919 -105.44 
57 0.OOOOOO 0.00 0.OOOOOO 0.00 0.005491 75.02 
59 O.OOOOOO 0.00 O.OOOOOO O.OO 0.002735 -104.51 
LOAD 0.000000 0.00 O.OOOOOO 0.00 0.002757 -105.45 
58 0.OOOOOO 0.00 0.000000 0.00 0.002756 74.55 
LOAD O.OOOOOO O.OO 0.000000 0.00 0.002756 -105.45 
57 O.458178 65.70 0.707276 118.34 O.376278 69.33 
61 0.142207 -85.35 0.241731 -23.49 0.116790 -81. 
AGE DISTORTION FACTORS FOLLOW (PERCENT); 
NUMBER PHASE A PHASE B PHASE C 
22 0.009722 0.009674 0.004560 
23 O.147378 O.358609 0.161586 
24 0.340235 0.647506 0.350026 
25 0.443802 0.799116 0.441761 
26 0.454592 0.OOOOOO 0.OOOOOO 
27 0.455685 0.OOOOOO 0.OOOOOO 
28 0.459640 0.OOOOOO 0.OOOOOO 
29 0.455471 0.827238 0.457575 
30 0.467414 0.855693 0.473610 
31 0.489377 0.904790 0.499277 
32 0.000000 0.920323 0.OOOOOO 
33 0.000000 0.923526 0.OOOOOO 
34 0.000000 0.937958 0.OOOOOO 
35 0.000000 0.939118 0.OOOOOO 
36 0.000000 0.943314 0.oooooo 
37 0.511328 0.942304 0.530522 
38 0.000000 0.OOOOOO 0.538257 
39 0.512988 0.947186 0.531805 
40 0.000000 0.955083 0.OOOOOO 
41 O.466605 O.856493 0.476434 
42 0.000000 0.855993 0.OOOOOO 
43 0.000000 O.855958 0.OOOOOO 
44 0.000000 0.855750 0.OOOOOO 
45 0.oooooo O.855735 0.oooooo 
46 0.oooooo 0.855719 0.oooooo 
47 0.000000 0.855629 0.oooooo 
48 0.oooooo 0.855593 0.oooooo 
49 o.oooooo 0.855551 0.oooooo 
50 0.000000 0.855543 0.000000 
51 0.oooooo 0.855543 0.oooooo 
52 0.oooooo 0.855548 0.oooooo 
53 0.000000 0.855533 0.000000 
54 0.oooooo 0.855544 0.oooooo 
55 0.oooooo 0.855511 0.oooooo 
56 0.466234 0.857681 0.478879 
57 0.458309 0.848266 0.470800 
58 0.OOOOOO 0.OOOOOO 0.470757 
59 0.oooooo 0.OOOOOO 0.470737 
61 0.458178 -114.30 0.778720 -52.43 0.376278 -110.67 
LOAD 0.000000 0.00 0.006927 -49.13 O.OOOOOO 0.00 
GO O.458168 65.69 0.778821 127.56 0.376280 69.32 
LOAD 0.458168 -114.31 0.778821 -52.44 0.376280 -110.68 
00 
O 
60 O.454363 0.843544 0.466800 
61 0.448755 0.835235 0.461308 
STOP ON END OF DATA 
